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About this reference
catalog.

This catalog is presented to you to simplify
selection of quality equipment and accessories
for solving your measurement, analysis, and
computation tasks.

In addition to the pages outlining the capa-
bilities, features, and specifications of HP
products, there is applications material,
technical information, and selection charts.

As indicated by the charts to the right
Hewlett-Packard provides a wide variety of
equipment for many technical phases of
Science, Industry, Medicine and Education.

How to use
this reference . . .

Go to the Alphabetical Index on the following
pages to find the product of interest, and turn
to the page (s) indicated. Or, if you know

the Model Number turn'to the index
commencing on page 665.

For assistance, call your Sales and Service

Office; see pages 16 through 22 for addresses

and telephone numbers.
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A
AtoD Converter ................. 119, 122, 244, 246
AC Calibrator ... . i e 191
AC Current Peobe .. ... ... .. ... .. ... 225
AC Meter Calibrator ... ................ 1908, 199, 200
AC Micro-Voltmeter .. ... ... oo ... 206
AC Power Supply (Magnetic Tape Recorders) ... ... 183
AC Probe ............. ... ... 208, 217, 220, 225, 549
AC Voltmeters .. .................. 206, 240-246, 249
AC/Ohms Converter .., ........... 118, 242, 246, 249
AC/Ohms to DC Converter ................. 242, 249
ACto DC Converters ........cooovnun.. 162, 249, 252
AC/DC Meter Calibrator ................... 198, 199
AC/DC Range Unit; Remote Unit .............. 240
AC.DC VM, DC Standard .................. 196, 197
AC, DC Voltmeter Calibrator . ............... 198-200
Accessories
400 Series .. ... 225
410B/C 215
Analytical Instrumentation .................... 42
Cable .. ... ... e 226, 549
Carrying Cases ... ... . i . 227,228
Camera ... ... i 553
G75A Detectors ... .o 419
Instroment Case ........................ 227,228
Osaillator .. ... ... 383
Oscilloscope ..., ... 523, 528, 531, 544, 545, 548, 549
Oscilloscope Cameras . ................... 551, 552
Probes, 428A .. ... ... ... ... 224, 225
Probe, AC Curreot . ......... . covuren.. 225, 549
Probe, Active . ... .. 544
Probe, High Frequency .......... ... ... .. 225, 548
Probe, Voltage Divider . ........ ... .. 221,225, 548
Sampling RF Voltmeter ................... ... 217
Test Mobiles ........ ... . ... ... .. .. ... 550
Voltmeter ... .. ... .. .. 225,226
Accessory Handles .. ......... .. .. ... .. ... ... 228
Acoustics, Technical Information ....... ... ....... ot
Adapter
50t0 75 Ohm ... . ... . ... o 531
BNC to Bindipg Posts . ............... ... 383, 548
Coaxial . ... ... . .. 458
Microwave Waveguide .. ...... .. .. . ... 460
Oscilloscope Cameras ......... .. ..o in.... 553
Probe to BNC ........... ... . ... ... ... 548
Probe to GR . ... . ... .. . 523
Quick-Coanect ..... ... ... .. ... i 476
Type Nto APC-7 ... 528
Voltmeter . ......... . i 225
Waveguide-to-Coaxial ....... ... ... .. ........ 312
Waveguide-to-Waveguide ............ ... .. ... 312

AEC-Standard Configuration . .................... 68

Aircraft Electronic Test Equipment . ........ .. 408, 409
Alpha-Counter, Automatic ............. ... ...... 80
Ammeters L ... .. 214, 219, 220, 221, 224, 239
Ammeter Calibrator, AC/DC ............... sl 199
Amplifier/DC Power Supply ................ 486, 547
Amplifiers
AC Solid State . .............. . ... ..... 485-488
Battery-Operated . ........................... 485
Cable ... . .. 100
Carfier ... .. 60-62, 161
DC e 486
Diffecential . ....... ... . ... ... . 483
DC Preamplifier ...... .. .. ... . ... 249
ECG .o e 56
Fast Pulse ... ... .. .. ... . . ... ... 488
Galvanometer Driver 8-Channel .. .............. 173
General Purpose Stabilized ................ 485-487
Heart Sound (Medical) ................. .. .... 56
High Gain .......... ... .. ... ... ... .. 60-62
Isolation ........ ... ... .. ... ..., 485-488
Linear ... . e 76
Low Gafn 8-Chaonel ..................... 164,173
Magnetic Tape Recorder ... .. ............ 180-182
Medium Gain 8-Channel ................. 164, 173
MICTOWAVE . . e 481, 490
Power ... .. ... 486, 489
Wideband .. ... .. ... . .. e 122, 486
Amplifiers Techaical Information .. ......... .. 481, 482
Analog Comparator ........... . oiiiiiiaa 235
Analog Display ........... ... ... oo 55
Analog to Digital Converters ......... 119, 234-240, 248
Analog Magnetic Tape Recorders .. ...... ... 176-183
Analog Measucing Equipment
Techaical Information ........... .. ....... 201-205
Analog Module Test Systems ............... V14, 115
Analog Voltmeters ............... .. 192-198, 206-225
Analytical Instrumentation, Technical Information . ... 34
Analyzer
CHN 45
Digital Signal ........ ... .. ... o 0L 88, 89
DIstortion . ... 435, 436
Loudness . ... . oo e 96
Miccowave Link ... ... .. .. ool 334-341
Pulse Hejght, Multichannel . ................... 70
Pulse Height, Single Channel ............ ... 76, 82
Real-Time Audio Spectcum ...........oooon 93
Spectrum (see Spectrum Analyzer) . 326, 450, 455, 332
Spectrum (Low Frequency) ................... 448
Waveforms . ... 441-447
Antenna, VLF, Loop ............ ... . .. ... 652
Anticoincidence/Coincidence Detector, Nuclear . . . . .. 78
Arrhythmia Monitor ........ ... ... . 54,55



Atomic Absorption Photometer . .......... ... . 48, 49

Atomic Frequency/Time Standacd .......... .. 644, 646
Arttenuatos
75 ORM ... e 338
Current Controlled ... ..... ... ... ... ... .. 264
Decade . ... . . e 321,383
Fixed Coaxial .. ... ... ... .. .. ..o i 304
St e 321, 383
Sets, Coaxial .. ..... ... ... .. ... . i, 303
Step, Coaxial ...... ... .. . i 303
Telephone Patch Panels .. ... .. .. .0 321
Variable ... ... . . 305
Variable Coaxial ......... ... . .. .. .. ... ..., 302
Variable Flap . ........... ... 0 0L 305
Variable VHF .. .. .. ... . ... o o oo 302
Audio Frequency Analyzers (Distostion) ... ... 435, 436
Audio Frequency Oscillators . ..... ... 323,327, 375-382
Audio Frequency Signal Generators ........... 380, 386
Audio Spectrum Analyzer ... ... .. L 93
Auto-Viscometer ... ... . 51
Auto Voltmeter ... ..., ... ... .. 218, 238, 241-251
Automatic Frequency Divider .. ............ .. 610, 6)1
Automatic Network Analyzer ... ... ... ... ..., 478
Automatic Sarople Changer .......... . ... ... 80
Automatic Tape Degausser ...................... 183
Automatic Test Systems .. ............... .. .. 114,115
Automatic Transfer Oscillator ... ... . ... ..., 610
Automabic Viscometer ... ... ... oo 51
Autoranging Voltmeter .. ... ... .. L 218
Averagers, Signal ...... ... .. 88, 89
B
Battery Converter ... ... 159
Battery Operated Oscillators .. ... ... .. 323,375,378
Battery Operated Voltmeters ... ... ... .. 211,219
Beta-Counter, AutomatiC .. . ... .o 80
Bidirectional Counter ... ... ... . .. ..o ... 630
BIN, Nuclear Instrument Modules (NIM) ... .. .. .. 76
Bipelar Power Supply ... ... ..o oo 587
Bolometer Mount . ... ... .. . .. o 294
Brackets, Joiaing ... ... .. .o oo oL 72
Bridge, Impedance Universal ... ... ............. 257
Bridge. RF ... .o o 258
Broadband RF Voltmeter ......... .. ... . ...... 216
Broadbaad Voltmeters ... .............. ..., 206-217
C
Cabinets, Modular . ........... . ... . .. ... .. ... 227
Cable Amplifier .. ... ... . o o 100
Cable Fault Locators . ... ............... 316, 330, 530
Cable Testing, Fault Locating . ........... 316, 333, 330
Cable Testing, Technical Information ............, 333
Cable Testing, Time Domain Reflectiometer . 524, 530, 542
Cables, Oscilloscope .. ... oo o0, 549
Cables, Test Leads . ... ..., 226
Caleulator ... ... oo 130, 131

Calibrated Averaging, Technical Information , .. ... .. 87

Calibrated Susceptance .......... ... ... .. L. 531
Calibration Resistor for 4800A . .................. 254
Calibrators
AC e e 191
AC/DC Meter ..o oo 198-200
AC Meter ... ... e 191, 198, 200
Meter ... 191-200
Peak Power ... ... .. ... ... ... ..., 290
Voltmeter .. ... . . . . e 292
Calorimetric Power Meter .., .. . oo .. 191, 200
Cameras
Oscilloscope ... 551, 552
ACCESSOMIES o it i e 553
Adapters ... ... e 553
Capacitance Meter ........... ... ... . oo 257
Capacitor, Decade ... ... .. ... ... .o 222
Capacitor, High Accuracy .............. ... ... 222
Card Reader ... ... ... . i i 112
Cardiac Arrhythmia Monitoe .. ...... .. ........ 54,55
Cardiac Pacemaker .. ...... ... ... ... .. ...l 55
Cardiotach Preamplifier ........ ... ... . ... ... .. 60-62
Cardiotachometer Plug-in ........ ... ... .. .. ... 60-62
Cardiotocograph ...... ... ... .. .o 0oL 56
Carriage, Microwave Slotted Section . .............. 284
Carrier Amplifier, Preamplifier ... .. ... 60-62, 161-163
Carrying Cases .. ... . 228
Cases, Instrument, Modular ........ ... ... ..., 227
Cell, Volume and Surface Resistivity .. .......... .. 223
Central Station Console (Medical) ........ ... ... 55
Cesium Beam Frequency & Time Standard ... ... .. 644
Cesium Beam Tube . ......... .. ... ... ..., 643
CHN Analyzer ... ... ... . . i 45
Chart Advance, Incremental . ................ ..., 148
Chronometer, Cesium ... ... ..o iniininn 644
Clip-on Milliammeter . ........ ... ... ..... 224
Clocks
Atomic, Cesium Beam and Rubidium . ... .. .. 644, 646
DIGIAL oot 134
Frequency Divider and Clock ........... ... ... 665
Coaxial Adapter Kit ......... .. . ... .. .0 258
Coaxial Atteouators .............. .. c.v.on 302, 304
Coaxial Attenuators, Variable .. ........... .. ... .. 302
Coaxial Crystal Detector ..., ii. 307
Coaxial Sliding Load . ....... ... .. ... o i, 309
Coaxial Slotted Lines and Sections ................ 282
Coaxial Step Attenuator ............ .o 303
Coaxial Switch . ..., ... ... ... 313
Coaxial Test Equipment Table ................... 274
Coincidence/Anticoincidence Detector, Nuclear , .. .. 78
Coincidence Detection, Nuclear ....,....... . 71, 76, 78
Comb Generators . ........coovevin... 264, 410, 460
Combining Cases . ...........ovii i 227
Communication Test Equipment ............. 320, 327

Communications Test Equipment; Cable Fault,
Locating, Technical Tnformation

Test Equipment ................ 316, 333, 530, 542
Communications Test Equipment, Telephone Test
Meter, Oscillator .............. . ..... . ... 322-323
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CDmparatorfito Fast Coincidence

Comparator
Analog ... ... 235
Digital ..... .. ... .. 119, 243
Frequcn' 2P 652
Hi, GO, LO e, 243, 235
Componeng Testing ....................... 114,115
Computers
Controlled Test Systems .................. 114,115
Digital ...\ e 104-109
General Purpose Digital: Techaical Information ... 103
Input/Output Options ...... .. ... ... .. ...... 109
Magnetic Tape Units .................. ..., 111
Time-Shared System ........ .. ... ... ... ... 110
Data Acquisition Systems . .................... 128
Computing‘Caleulator .................. ... 130, 131
Condenser Microphone Assy. .................... 100
Constant Current Power Supply .............. ... 568
Control Unit (for RE Units) .................... 432
Controller, Preset ........... ... .. ....... 625, 628
Converters
Analog-to-Digital ............... ... ... 122
ACDC ... ... 162, 240-243, 249, 252
AC/Chmisto DC ...t 239-243, 249
BCD to ]binary (Multichannel Analyzer) ........ 73
Battery .. ... ... ... 159
D0 A «ooe e 113, 137, 564
Frequency ....... ... i 391
MiCIOwave ... .. .. e 460
Microwave Frequency .v..................... 612
Theomal ... .. . 197
Voltage to Frequency ................. ... .. .. 247
Counters, Electronic
Bidirectional ... ... 630
Build-in Module ............. ... ... L. 621
Controlling .......... ... .. ... .. ... ... 625, 628
Low COSt ..ot e 620
Mictowave .., i 607, 608, 610, 611
Plug-in Type .............. ... ... ..., 594-602
Plug-in Accessoties for ... ... .. 603-609
Preset ... ... . . .. 625-628
Preset (Nuclear) ...... ... ... ... ... .. ... 79, 82
Reversible ... .. ... . i 630
Ruggedized ....... ... ........ . ... ... .. ... 600
Technical Information and Selection Guide ... 588-3594
Time Jaterval . ... ... . v, 604, 605, 636
Universal ... oo 616,618
Couplers
Digital Instrument ............... ... ..... 121
Directional ................ .. . ... ... 297, 299
Dual Directional ........................ 296, 297
OUEPUL .ttt et 121
Signal ... ... 163

Coupling Transformer ..............c.......... 260
Crossbar Scanper .. ... ... i 118
Crossover Pickoff ......... .. ...... ... .. ...... 78
Crystal Detectors, Microwave, as Waveguide ... ... .. 307
Crystal Detector, Closed Loop ................... 307
Crystal Detectors, Sodium Jodide ................. 85
Current Meter, Low Current . ........ 119, 223, 224, 239
Current Probe .. ... i 225,549
Customn Test Spstems . ... ....... ... ....... 114,115
D
D-A Converter ........ .. 128, 137
D/A Interface . ... o i e 113
Data Acquisition Systems ... ................. 124-129
Data Acquisition Systems, Computerized . ... ..... .. 128
Data Acquisition System Tutorial ........... ..., 116
Data Amplifiec ................ ... .. 118, 483, 484
DC Ammeters ... 214, 219, 220, 221
DC Coupling Preamplifier ..................... 60-63
DC Defibrillator ..., e 55
DC Digital Voltmeters ..................... 234.251
DC Meter Calibrator .. .. ... oo 198, 199
DC Mictoammeter ... ... vouiirnn. 214, 219, 221
DC Milliammeter ... ........ ... ... .... 214, 220, 224
DC Multifunction Meters . . 213-218, 218-221, 239
DC Nanoammeter .. ... ..vv it 219
DC Null Meter, Voltmeter/Ammeter .. ........ 218,219
DC Plug-in (Medical) ....................... 60-62
DC Power Supplies .................... 296, 556-587
3 AW 582
10 kW oo 583
ACCBSSOMIES .. .. e 561
Bench .. .. o 570-571
Category Index ........... .. ... . oioi... 557
Constant CULrent ... ... oo oveii i cn o 568
Definitions . ... ... u e 562
Digitally-Programmable ......... e 113, 564
Dual, Narrow Range Adjustable ................ 585
High Isolation ........... ... ... ... . ... ... 586
High Stability ...................... ... 526-27
High Voltage Bench .. .............. .. .. ... 580
High Voltage Rack ....................... ... 580
IC Test ... oo 576-578
Klystron ... 296
Laboratory ....... ... 572-573
Low Voltage Rack ................... ... ... 576
Medium Power Modular ........ ... ... ... 569
Medium Voltage Supply . ...... ... ... ... .... 579
Modular Plug-in ....... ... . oL 586
Narrow Range Adjustable .................... 584
Options . ....ooiii i 561
Plug-in Modular ... . o oo 586
SCRRegulated ............. ... ..o ... 581
Slot . 584
Strain Gage .. .. 586
Vacuum-Tube Voltages ................ .. ... 579

Voltage/Current Rating List ............... 558-560



DC Power Supply/Amplifier ................ 468, 587

DC Power Supply/Calibrators .. .............. 566-567
DC Preamplifier (Medical) ................... 60-62
DC Preamplifiers .. ..., 60-62, 249
DC Standard AC-DC VM, ACDC AVM .. ... 196, 197
DC Standard/Diffecential Volemeter . ..... .. .. 192, 193
DC Transfer Standard . ............ ... . o..... 194
DC Voltmeters
......... 192-198, 213.215, 218-221, 234.246, 248-251
Decade Capacitor . .....vvvvvecnanaina i 222
Defibrillator ... .. 55
Degausser, Magnetic Tape ...................... 183
Delay Generator . ...l 351, 625
Delay Lines, Plug-in (NIM) ..................... 77
Delay (Group) Detector .. ........ ... ....... 334.341
Delay, Pulse ....... ... ... ... .. e, 78
Demodulator Display ................. .. ... 334-34)
Demodulator, Microwave Link Measurement .. .. 334-341
Demodulator, Phase Sensitive ,,.........., ... 160-163
Detectors
ACTrue RMS ... i 197
Couplers ... 297
Crystal ... ... 307
Directional ., ......... ... ... . . . 297
Gas-Flow .. ... 80
Group Delay . .............. ... .o ... 334-341
Guard .. . e e 80
Microwave (see also: Probes, Microwave) ....... 297
Mount ... ... .. 283, 294
Nuclear . ... .. .. ... . . . 80, 85
Nuclear, Uses ... ... .. i 68
Phase ... ... i 264
Sodium fodide ........... ... .. 85
Tracking for 675A ... ....... ... ... 418, 419
XY e 86
Diagnostic Instcumentation . ..................... 56
Diagnostic Sounder . ..... ... . i 56
Differential Amplifiec ............ ... .. . L 483
Diffecential Gain/Phase Measurement at LF. .. .. 334-341
Differential Peessure Transducec . ............ ... 60-62
Differential Voltmeter-DC Standard . ... 192-193, 196-197
Digital Ammeter Plug-in . ... ............ ... 239
Digital-to-Analog Converter .. ............... 113, 137
Digital
Analyzers ..., 70, 72, 88, 89
Clock ... 121, 134, 243
Comparator ., .......... i 119
Computers ., ........c...o i 104
Couplers . ... ... .. . ... i 121
Delay Generator ......... ... ... ... ..... 351, 625
Frequency Meter .. ..... .. ... ... ... . ... 611
Logic Module Test Systern . ................... 123
Magnetic Tape Units ........................ 111
Module Test Systems . ................... 114,115
Multifunction Meter ................. 241, 242, 243
Ohmmeter Plug-in ........................... 239
Printer ... ... 133,135, 136
Seanner .. ... 121

Systems . ... ... 124-129

System Blements . ....................ls 118-121

Technical Information . ... 187-190, 201-205, 229-233

Voltage SOULCes . ... ...oivieiv i 564

Voltmeter ..., 234-246, 248, 251

Voltmeters, Integrating . .......... 119, 241, 242, 243

Voltmeter Plugs-ins .. .........c... 0. 238-240, 603
Digitally Programmed Power Supply .............. 564
Diodes, (Hot Carrier, Light Emmitting, PIN,

Step Retovery) ...... v 262
Directional Couplers ................... 296, 297, 299
Directional Detectors . ...y 297
Discriminator, Pulse Height ... ......... ..., ... 76, 82
Disceiminator, Window . ....... ... ........... 76, 82
Displacement Transducer .............c.ovvonn. 184
Display Demodulator .............. .. ... .. 334-344
Displays, Large Screen X-Y .. .. oov oo 506
Displays, Psecision Raster . ............... . ..... 330
Display Sections for 8551B Spectrum Analyzer .. .... 458
Displays, X-Y ... oo 501, 506
Distortion Analyzers (FCC Approved) ........ 4335-436
Distortion Analyzers Technical Information ........ 434
DME/ATC Test Set .. ovvvin i 408
Double Balanced Mixer ........................ 264
Doubler Probe for3200B ........ ... ... . ... 396
Doubler Sets, Frequency ................oooo.., 371
Doubler, Swept Frequency ................... ... 406
Down-Converter . .......... .. ... u... 607, 608
DP/DT Plug-in ... i 60-62
Driver, Synthesizec ........ ... . oo, 664
Dual Directional Couplers ... .............. 296, 297
Dual Output DC Power Supplies .. ............... 572
Dual Pulse Unit ............ ... .. ...... .. ... 351
Dual Range Labs Power Supplies ................. 572
Dual Trigger Unit ... ...t 351
Duplex Register ... ... ... . 128
DVM Tutorial ............. .. ... ..... ... 229-233

E
Ear Plethysmograph ......... .. ... .. .. ... ..., 55
ECG Amplifier, 3-Channel ............... . ... ... 56
ECG Amplifier, 6-Chaane} . ...................... 56
ECG-EEG Preamplifiec .......................... 55
ECG/General Purpose Preamplifier ............. 60-62
ECG Preamplifier .................... ... ... 60-62
EEGKIt .o 60-62
EEG/ECG Plug-in .......oviiiiiieiiin. .. 60-62
Electrocardiographs . ... ....... ... .. .ol 56
Electromyograph ........ ... .. oo 56
Electronic Counters (see also: Counters Electronic) 588-636
Enclosures, Modular . .......................... 227
Executive Software, Data Acquisition ........ ... .. 129
Extension, Universal ........................... 476

F

Fast Coincidence, Nuclear ................... ... 78
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Fault Locators to Meters, Power

Fault Locators, Cable . ..... ... ... .. . .l 316
Feed-Thru Terminations (50- & 75-Ohm) .. ... 383, 548
Feed Thru Terminations (600-Ohm) ............. 548
Fetal Heart Monitor . .....cov i e 56
Filters, Low-Pass and Bandpass Microwave ... ...... 306
Filter, Microwave Bandpass ..................... 459
Filter, Microwave, Voltage Tunable ............... 459
Filter, Notch, Microwave ..........c....cuvv .. 460
Filter Set ... ... o8
Fixed Coaxial Attenuators .. ......ccovvvninn ... 304
Flexowriter Coupler . ..ot 121
Fluid Pressure Transducer, Medical ... ........... 60-62
Flutter and Wow Discriminater .. ... ........ .. 634
FM-AM Signal Generator .................. 390, 391
FM Deviation Measurement ......... 607, 612, 613,634
FM Discriminator ... .ovve e in e 634
FM Signal Generator .. ............ .l 407
Force Transducers, Medical . ... ... ... ... ...... 185
Frequency
Comb Generator . ... ... ... e 460
Converter ... ... .. 606, 608, 610, 611
Converter, Microwave ........ ... ... .oeeor. 612
COUNEIS .\ .ottt 588-636
Drvider, Automatic ........ .. oL oh.. 610
Dividers, Clocks . ... ... . o i 655
Lomain Oscilloscope ................ 326, 450, 532
Doubler .. ... . . 410
Doubles Psabe ..., . ... .. i 396
Doubler Sets ... 406
MERIS . v e e 611, 634, 635
Meters, Coaxial & Waveguide, Microwave . ... .. .. 308
Standacrd ... .. L 643, 644, 652, 648
Standards, Variable ... ... ........... 658, 660, 652
Syathesizers ..... ... ....... ... ..., G658, 660, 662
Function Generator
Instruments . ..... .. ... ... o 371-375
Technical Information .. ..........c....... 366-368
Variable Phase . .. ... .. . . e 371
Voltage Controlled . ... ... .. .......... 372-374
G
G-Band Equipment Table . ...... ... ... ... ... 276
Galvanometer Driver Amplifier 8-Chanpel . ..... ... 173
Gamma-Counter, Automatic .. ... ......o.oivnn... 80
Gamma Detector . ... ..o v et 85
Gas Chromatograph, High Efficieacy . ............. 36
Gas Chromatograph, Laboratory .................. 37
Gas Chromatograph, Preparative . ............ ... 38-40
Gas Chromatograph, Research ... ... ... ... .. 35
Gas-Flow Counting System . ..................... 80
GC Steip Chart Recorders ... ool 41

Geiger Mode Gas-Flow Detectors . ............... 80

Generator

Palse ... 342-360
Audio Signal ... 380
Comb .. o 460
Function, Low Frequency ................. 371-374
Function, Technical Information . ............., 366
Function, Variable Phase ... .................. 371
Noise, Pseudo Random . .............. 102, 361-365
Signal (see also: Soutce, Signal; Oscillators;
Sweepers; Sweep Generators) . ........... 387-420
FM-AM ..o 390, 391
HE . 387, 388
Glide Slope . ....... ... ... ... . ... 409
Low Frequency ........... ... . covin.., 380
SHE . 402-404
Telemetry . ... ... .. ... ... 301, 407
Traasoussion ... 334-341
UHF . 397-400
VHE 396, 392
Spectrum ...l 410
Square Wave ................... 348, 349, 371-373
Sweep ... 416-427
Sweep, Technical Information ............. 411-415
Generatos/Sweeper (8601AY) .......... 384, 387, 420
Glide Slope Signal Generator . ................... 409
GO/NO-GO Comparator ................... 235,243
GSR Bridge Plugin .............. . .o L 60-62
Guarded Crossbar Scanaer .................... .. 118
Guarded Data Amplifier . ............ ... ...... .. 118
H
Barmonic Mixers ... .. .. .. . oo i 312
H-Band Equipment Table, Waveguide ., .......... 278
H-Band Test Set . ... ... .. .. .. coiiian. iy 401
Heart Sound Amplifier ........ ... .. ... 56
Heart Sound Preamplifier .............. .. .... 60-62
Heterodyne Converter . ........... ... ..., 606
High Frequency Probe .................... 213,225
High Gain Amplifier ..................... ... 60-62
High Gain Preamplifier .............. . ... ... 60-62
High-Go-Low Comparator ... ............... 235, 243
High Speed A to D Converter .............. 119,122
Righ-Voltage DC Power Supplies .. ............ 568
Histograms, Frequency of Occurrence .......... 70, 88
Hybrid- 75 Ohms ... . ... ... . s, 338
Hybrid Integrated Circuits ... ..., 267
|
IC Power SUpPply ... ov v 578
ILS Receiver Test Set oo v i e i 409
Impedance Bridge ......... ... ... .0 257, 258
Impedance Meter . ... ... ... oo 254
Impulse Sound Level Meter .................... 98
Incremental Chart Advance .................... 148
Indicator, Swept Frequency ..................... 530
Inductance Meter ...... ... ... ... .. L 254-261
Inductors, Reference ............ .. ...... 260, 261



Input Scaaners ......... .. ... . 118
Instrument Cart, Mobile (Medical) .............. 55
Instrument Cases . ... oot i 227,228
Instrumentation Magnetic Tape Recording System 176-183
Instrumentation Tables, Microwave Equipment ... .. 274
Insulation, High Resistance Meter ................ 223
Insulation Sampling Cell ... ... ... ....... .. 223
Integrated Circuits, Hybrid ........... ... ... ... 267
Integrating Digital Voltmeters 241-243, 244, 246, 248-251
Integrating /Dual Slope Digital Voltmeter . .. ... 241-243
Integrating /Potentiometric Digital Voltmeter ... 248-251
Iategrating Preamplifier ... ... ... ... ... ..., 60-62
Integrator, Digital for GC ................... 43, 44
Intensive Care ... ... ... ciiiiininay 54, 55
Interface, Computer (Averaging) ................ 90
Intermediate Band, Magnetic Tape Recorder .... 179-180
1/0 Coupler, Signal Analyzer .................... 90
IRIG—Instrumentation Recoeding .. .......... 176-183
J-K
J-Band Equipment Table ...... ... .. ........... 277
K-Band Equipment Table ...................... 281
Keyboards ........... .. .. . i i 148
Kits, Accessories for 3406A . ................... 217
Kits Probe . ... ... .. . . . 217
Kits, Probe for 411A ... ... ... . ... ... .. 217
Klysteon Power Supply . .......... ... .. ... .. 296
L
Lab DC Power Supplies ..................., 569-572
Lead Bricks; Low Background .................. 80
Leading Edge Pickoff ......... .. ... ... ... ... 78
Leak, Friction Detectors ....................... 316
Limit Comparator ..................... 119, 235, 243
Limit Tester . ..... ... ... . oiiirinnn,. 235,243
Line TFollower ......... .. . i 148
Line Matching Transformer .................... 383
Linear Amplifier, Nudear ...... .. ... .......... 76
Linear Displacement Transducers .« ...coooovvnn.. 184
Linear Velocity Transducers ................ ... .. 185
Linearity Measurement on Microwave Links . ... 334-34]
Linearsyn Transducers ..............c.ooun....s 184
Loads, MOVINg ... ...t 310
Loads, Sliding .......... ... ..o i 309
Log Converter, BCD (Multichannel Analyzer) ... ... 73
Log Level Preamplifier .................. ....... 163
Logarcithmic Converters ... ........ ... ... .... 146, 147
Logarithmic Voltmeters . .......... .... P 207-210
Logic Module Test System ...................... 123
Logic Probe ....... . ... . . 545
Loop Adapter, Magnetic Tape ... ................ 67
Loudness Analyzee ......................... ... 96
Low-Background Counting System .. .............. 80
Low Frequency Function Generators .......... 371-374
Low Frequency Genesators . ................. 371-374

Low Frequency Voltmeters ..................... 211

YLow Gain Amplifier 8-Chanael ....... ... .... 164,173
Low Gain DC Preamplifier ......... ... .. ...... 160
Low Level Preamplifier ............... ... .. .. 60-62
Low-Pass, Bandpass Filters ........ ... ... ... ..., 306
M
Magnetic Tape Coupler ..., ... ... .. ... .. ..... 121
Magnetic Tape Degausser, Automatic ............. 183
Magnetic Tape Servo .. ... i 183
Magnetic Tape Unit
Analog ... 176-183
Digital ........ .. i 111
Medical ... ... .. o 67
Magnetometer Probe . ... .. .. ... o oLl 224
Mapufacturing Facilities ... ... ... ... . ... .. 14-13
Mark-Sense Reader .. ... ... .. . i, 112
Marker Generators ... ... ... e 422, 460
Measuring System 40 GBRZ ................. ... 614
Medical
Instrumentation .. ... .. .. . e 53
Magnetic Tape Recorders .......... ... .. ... .. 67
Preamplifiers ... .. .. ... .. . oo 60-62
Research . ... ... ... .. . 57, 58,59
Transducers ... 55, 60-62
Medium Gain Amplifiec 8-Channel ... .. ... ... 164,173
Medium Gain DC Preamplifier ... ................ 160
Membrane Osmometer . ... ... o viieiivnnean. 50
Meters
AC-DC VM, AC-DC AVM, DC Standard ... 196, 197
Ammeters . ........ 214, 215, 219, 220, 221, 224, 239
Auto-Voltmeter ... ............... ... 218, 238, 240
Calibrator, AC/DC ... .. . ..., 199
Clip-On DC ... ... . i 224
DC VM, DC AVM, DC Standard ... ... .... 192,193
Differeatial VM .. ... .. ... ... ..... .. 192, 195-197
Digital VM ............ ... ..., 234.246, 248-251
Frequency ......... . ... .o 633
High Resistance ......... .. ... .............. 223
Insulation Resistance .. ............. .. ... ...., 223
Kilovoltmeter .......... 192, 195, 196, 208, 213, 214
218, 220, 234243, 248-251
Low Current ... ... ..o 223
Microammeter .. ............ 214,220, 221, 224, 239
Miccovoltmeter . ... ... ... .. ... ... 206-209, 219
Microwave Frequency (Reaction) ... ... .. 308
Milbammeters .. ............ 214,220, 221, 224, 239
Milliammeters, Clip On DC ... ... ..., ... 224
Millivoltmeter . ............. 239, 241-243, 248-251

Multi-Function Meters,
192, 195-197, 213-215, 218-221, 236-246, 248, 249

Nanoammeter . ..............c....., 219,221,224
Noise Figure ................ .. ... 314
Ohmmeter ...... 213.215, 218, 220, 239, 241-243, 249
Microwave Power ., ...........c.cvv.u. ... 286-292
Peak Power ... ... .. o 290
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Meters, A to Preamplifier, ECG/EER

Q 259, 261
Ratio .......... ... i, 195, 234, 241-243
RX e 258
SR e 285, 293
Vector Impedance ......... ... .......... 254, 255
Volt-Ammeter .......... ..o, 218, 219
Voltmeters .. 192, 195-198, 206-220, 234-246, 248-251
Volt-Ohm-Ammeter ................. 214, 220, 239
Volt-Ohm-Ammeter Plug-in .............. ... 239
Volt-Obmmeter .. ............. ... ... 215,218
Microphone
Assemblies .. ... ... . 100
Contact, Medical . ...... .o, 60-62
Power Supply ....... ... ... ... ... ... ... 100
Mictovolt-Ammeter .. ... ... ... ..., 219, 221
Microwave
Amplifiecs (Technical Information) ............ 481
Amplifiers . ... ... 490
Equipment Instrumentation Tables ... ....... 274-281
Frequency Converter ............ 608, 610, 612, 613
K-Band Mixer ........ ..., i 460
Link Anmalyzer .......... ... .. . ... ..., 334-34)
Mixer, Waveguide X-, P-, K-, R-Bands ...... .. 460
K-Band, P-Band, R-Band, X-Band Mixers ...... 460
Power Meters ... .o 286292
Spectcometer ... .. 46-47
Switches Solid State ..................... ... 263
Test Equipment ........... coivivroiiin.. 296
Test Equipment (Calorimetric Power) .......... 202
Test Equipment (Technical Iaformation) ........ 268
Test Sets ... 401
Milliammeter, Clip-On ............... ... ..., 224
Milliohmmeter .. ... ... ... . .. 222
Millivoltmeter ......... ... 206, 220, 234-243, 248-251
Millivoltmeters, RF .. ... .................. 216, 217
Mismatch 17 DB (75 OHMS) ................. 338
Mixers, Double Balanced ...................... 264
Mixer, 8-Input, Multichannel Analyzer ............ 73
Mixers, Hatmonic ... ... ... .. .. ... .. ... ...... 312
Mixer, Microwave Waveguide .................. 460
Mobile Instrument Cart, Medical ........... .. ... 55
Mobile Resuscitation Systems . .................. 55
Modular Enclosure Accessoties .................. 228
Modular Enclosure Systerns ............ ... ..... 227
Modulators ... .. ... 264, 300
Modulator, Absorption-Type ... .............. 300
Modulator, Mictowave Links Measurement ..., 334-341
Modulators, PIN ... ... .. 300
Module Testers ............. .. .. ..., 114, 115

Molecular Rotational Resonance Spectrometer . ... .. 46

Motecular Weight Determination ................ 50
Moajtor Scope ... e 55
Monitor, TV Picture .............ccooisn, 331
Monitor, TV Waveform ...................... 328
Monitor, Video . ... 331
Mounts
Barretter, MIiCrowave .................cc.oon., 294
Bolometer ........... .. i 294
Detector .o e 294
Themmistor ...... .. 289
Moving Loads ...............c..0il. 309, 310
Multichannel Anmalyzer ........................ 70
Multichannel Analyzers, Uses ................... (2]
Multichannel Scaling ......... ... ... ... ... 70, 88
Multifunction Meter ... . ... 0o 213
Multifunction Meter, Digital ........... 241, 242, 243
Multiscaler ... .. 70
Multi-Scaling Toput ... oo 73
N
Netwosk Analyzer ... ... ... ... 257
Applications Table .................... ... 471
AUbomatic ... ... e 478
Low Frequency ...........ooiuvanonn..., 418,419
Specifications .. ... ... ... oL, 473,474
Systems . ... 471-474
Technical Information ................ ... ... 461
Test Unit, Reflection ................. ... ... 474
Test Unit, Transmission ... ......cc.ovveunvneinns 474
Systerm ... e 469
System Selection Chart .......... ... ..... ... 470
NIM Modules (Nucleat) ...................... 76
NIM Power Supply ........coiivviii it 76
Noise Figure Meters .......... ..o, 314
Noise Generator, Pink and White .. ............. 102
Noise Generator, Pseudo Random . ........... 361-365
Noise Sources .......o i 314
Noise Sources, RF ... ... .. ... .. .. ... ... .. ... 314
Noisy Signal Enhancement, Technical Information .. 87
Notch Filter (8439A) .......oovvueeeeino . 460
Nuclear
Analyzer ... ... 70
Counter ... .. e 79, 82
Counting Systems, Types ..................... 68
Instrument Modules (NIM) ........... ... .. 76-79
Measurements, Technical Information ........ 68-69
Preamps .. ... ... .. e 84, 86
Radiation Measurement ...........c.... ... .. 68
Nuoll Meters DC ... ..o 218, 219
Numeric Display, Solid State ................... 262
Numerical Display, Medical ................. ... 55
Numerical Readout, Medical .............. ... ... 55



o
Ohmmeters .. 213,214, 215, 218, 220, 239, 241-243, 249
Ohmmeter, Low Resjstance . .................. .. 222
Ohmmeter, Milliochm ............. ... .... 222,249
Ofims Converter ........oveiviiinan. 118, 246
Open Fault Locators ..................vvvnin. 316
Optical Mack Reader ... ..o, 112
Optical Recording Systems .................. ... 65
Optoelectronic Devices ..................... ... 262
Ordering Information ....... ...t 13

Oscillators (see also: Generator; Signal Sources;
Signal Sweepers; Generators, Sweep)

Oscillators
Audio and Ultrasonic .. ......... .. ...t 371-382
Battery-Operated .. ............c.cve.vnn. 323,378
Crystal Controlled .............. ... ... .. ..., 371
Low Frequency ............. ... i, 377
Low Distortion ............ 371, 375, 376, 377, 380
Portable ......... ... .. ... . .. 323,378
Pushbutton . ... 378
QUALEZ . ..o i 648
Sinusoidal ...l 371-382
Sweep ...... .ol 373, 374, 416-419, 422, 424
Syachronizer .......... .. .. il 431
Technical Information .................... 366-370
Telephone Test ............ ...t 323
L 381-382
Tracking ... oo e 447
Teansfer ..o 613, 607
Ultra-Low Frequency .................... 371-374
VHE 396
Oscilloscopes
ACCESSOLIES - v vttt 523, 528, 531, 544
Cameras ............ it 551-553
Frequency Domain .................. 326, 450, 532
General I[nformation ........... ... ..., 491
GIOSSALY ... 554
Large Screen ... .. . oo 514
Medical ... ... 55
Phosphor Chart ........... . ... ..ociiil.. 554
Probes ..o 523, 548
Remote Monitor . ............ ... .. 66
Selection Chart ..... ... ... ............... 494
Technical Information ................... 491.494
Testmobiles .......... ..o 550
TV Wave Form .. ....... .. ooiiiiins, 328
Variable Persistence ..................... 513, 536
Osmometer, Vapor Pressure .................... 50
Osmometer, Membrane .............., .. ....... 50
Output Coupler ..........ciiiiinee ... 121
P
P-Band Equipment Table ...................... 280
Pacemaker ........ ... ... 55
Paper Tape Coupler .......................... 121
Patch Panels .............c............... 320, 321
Patient Alarm Display ............... . ... ... 55
Patient Monitoring .............. ... .. .. 54, 55

Patient Selector ..........c.c. i 55

PC Board Testifig . ......vieuiiiiii iy 114, 115
Peak Power Calibrator ........................ 290
Phase Detector ... 264
Phase Lock Function Generator . ................. 373
Phase Locking: see Synchronizer, Oscillator . ... ..., 43)
Phase Sensitive Demodulator ................... 162
Phase Shiftecs, Waveguide ..................... 3t1
Phonocardiograph . ......... ... .. ... oo 56
Photoconductor Devices .. .........viiin,. 263
Photometer, Atomic Absorption ............... 48, 49
Physiological Recording Systems ................ 57-67
PIN Modulatoes ... .. .ot 300
Pipe Locators ..., 316
Planchet Counting System .............. ... .... 80
Plethysmograph ........... ... ... . ... 55
Plug-in DC ..ot 60-62
COMPRLALOL ..o it it e 234
Digital Voltmeter ......... ... ... ...... 236-240
DC Modules ....... ... 586
EEG-ECG . ... e 60-62
For Electronic Counters . .................. 604-609
Function Generator .......... ..o vuuuns 372-374
Galvanic Skin Resistance, Medical ............ 60-62
Thermal Dilution, Medical .................. 60-62
Wave Analyzer ..................... 324, 441.443
Point Plotter ... .. .. e 145
Portable Case, Amplifier .. ... ... ... ... ...... 484
Portable Case, V to F Converter ................ 247
Portable Test Set ......... ... ... . ..., 320, 321
Portable Voltmeters ....................... 211, 322
Power ]
Amplifier ... oL 486, 489, 587
Voltage Amplifiers .. ........... ... ..... 485-488
Measurements (Technical Information) ......... 272
Meter ... 286, 289, 250
Meter, Calorimetric ...t 292
Meter, Microwave . ........... ... 289
Meter-Ruggedized .................. . ....... 291
Power Supply
AC 183
Active Probes .. ... e 549
Digitally Progsammable .. .................... 564
High Voltage .......... .. ... . ... ... 580
KUpstron . ..ot 296
Microphone . ......... ... .. oo 100
Nuclear Instrument Modules (NIM) .......... 76
Regulated DC ... ..., 556-587
Standby ... ... 654
Preamplifier
Cardiotach ... ... ..o i 60-62
(71 1= 161
Carcier, Medical .......................... 80-62
Charge Seasitive ......................... 84, 86
DC o 60-62, 249
DC Coupling ........ccoiiiiii 63
ECG ot 60-62
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Praamplifter, ECG to Slide-Screw Tuners

ECG/General Putpose ..................... 60-62
EEG ... 60-62
General Purpose, Nuclear ... ............... 84
Heart Sound ........ ... ..o i, $6. 60-62
High Gain ........... .. ... oo iian. 60-62
Integrating ........ ..o 60-62
Log Level ... ... .. . . 163
Low Gain DC ... ... ... .. ... .. .. ..., 160
Low Level ... ... .. ... ... . ... ... ... .. 60-62
Medical . ... L 60-62
Medium Gain DC .......... ... ....... 160, 184
Microphone .. ... ... oo oo 100
Nuclear ... ... e e 84, 86
eH, Medical ... .. ... .. 60-62
Phase Sensitive .......... 0., 162

Plug-in ... i 60-62, 160-163

Pressure Processor . ..., 60-62

Respiration Rate .......... ... ... .. ........ 60-62

Respiratory .. ... .. ... i 60-62

Scintillation .. ... .. .. 86
Precision AC Amplifier .......... .. .. ... 487
Precision AC Calibrator ...... ... ....... ... ... 191
Precision Analog Voltmeters ... ... .. 192,193, 195-197
Precision Analog Voltmeters & Sources

Technical Information . ... .......... ... .. 187-190
Precision DC Sources . ......... .. ... .. ..... 192-197
Precision Digital Voltmeters ........ 241.243, 248-251
Precision Noise Generator . ........ ... ....... 102
Precision Raster Displays ... ... ... . ... ... .. 330
Precision Ratometer ................... 195, 241-243
Preparative Gas Chromatograph . ............ ... 38-40
Prescaler .. ... ... .. . . .. . 603, 608
Preselector .. ..o i 459
Preselectors, Low-Pass and Bandpass ............. 306
Preselector, Spectrum Analyzer .......... ... .... 459
Preset Counter ... ... .. .. ... . ... ... 625, 628

Preset Plugsin ... ... ... i 606
Pressure Processor Preamplifier ................ 60-62
Pressure Transducers ..................... 60-62, 185
Pressure Transducer, Applications .............. 60-62
Primary Frequency Standard ............... ... ... 644
Peinter . ... ... .. 133,135,136
Probability/Density/Analyzer ... . ... ... 70
Probes
AC 208, 213, 225
ACQurrent ..o 549
ACHIVE 544
Cartliage . ... .. i 284
Coaxial "N Connector . ..................... 215
Coaxial "T" Connector ...................... 215
Current ... v 225
Frequency Doubler ... ... o o 396

High Frequency .................... 213, 225, 548
LogIC o i 545, 549
Magnetometer . ........... i 224
Microwave, for Coaxial and Waveguide Sections .. 284
Oscilloscope ... v 548
Resistive Divider ............ ....... 523, 528, 544
Voltage Divider .................... 208, 225, 548
Voltmeter .. .. o e 225
Production Testing, Capacitor ............ ....... 222
Programmable Test Systems ................. 114, 115
Programmers . ... ... 120
Proportional Mode Gas-Flow Detectors . ........... 80
Pseudo Random Noise Generator ......... 102, 361-365
Pulse
Amplifier ... .. 488
Detector . ... . e e 264
Duration Unit .. ... ... . oo 351
Generator ... 344, 346, 351, 360, 625
Generators, Selection Chart ................... 343
Generators Technical Information .............. 342
Generators, Variable Risetime ....,....... 344, 358
Height Analyzer, Nuclear .......... .. .. 70-76, 82
Modulator . ... .. e 264
Wave Transducer . ... ... i, 60-62
Shaper, Nuclear .......... ... ............ .. 76
Spectrometry ... ... 68
Timing, Nuclear ......... . ... ... o 78
Tracer .. .. e 545
Punched Card Coupler .............. ... ... .. 121
Punched Tape Coupler ........................ 121
Pushbutton Oscillator ................. .. .. ..... 378
Pyrolyzer ... .. ... ... 42
Q
Q Meter ..o i 259, 261
Q Standards ... ... .. 260
Quartz Oscillator ......... ... ... ... .. 648
Quartz Thermometer . ........ . ..., 52
Quick-Connect Adapter ........................ 476
R
R-Band Equipment Table ...................... 281
Rack Adapter Frames ............ ... ... .. ... 228
Radiation Detectors .. ............ccvriuirannan. 85
Random Noise Generator .. ................. 361-365
Ratio Meters ... ... o e 195, 241-243
Ratio Meter, Standing-Wave ... .......... ... 285, 293
Reader, Optical Mark . ... .... . ...l 112
Readout, Numerical .. ... ... .. ... 55
Real Time Executive Software ................ .. 129
Real-Time Audio Spectrum Analyzer ............ 93
* Real-Time Spectrum Module ... ......... ..... ., 93
Receiver, Standard Frequency ................... 652
Receiver Test Systems .. ... ... iivn . 114,115
Record Amplifiers, Magnetic Tape .. ..., ... .. 176-183
Recorder Coupler ... .. ot 121



Recorders
Digital ... oo 72, 81, 132-136
Direct Writing, Ink ... ... ... ..., 66, 170-171
Direct Writing, Thermal . ... 63-66,157-159, 165-169
Magnetic Tape, Analog ......c..coviin, 67,176-183
Optical ... . i i 83
Photographic .......... ... ... oo 65
Strip-Chatt ............. .. . i 152
Techaical Information ....... 132, 138, 149, 154-156
Teend .. . .. e 54, 55, 153
Ulgra-Violet . ... ... ... .. .. 65, 66,172,173
XY e e 139
Recording Systems
Tnk .o 170,171
Ink, Medical ............. ... ... . ... ... 66
Magnetic Tape ................ .. ... 176-183
Magnetic Tape, Medical .... ........... ... .. 67
Optical, Medical .......... ... ... .. 65
Photographic Medical .................... ... 65
Technical Information ............... 154, 155, 156
Thermal ... ... ... ... ... . .... 157-159, 165-169
Thermal, Medical ., ... ... ... ... ........ 63-66
Ulera-Violet ... .. . .. .. . 172-173
Ultra-Violet, Medical ...................... 65-66
Reed Scanner ...... ... .. ... 118
Reference Inductors ... . ... ... .. . ... ... 260, 261
Reflection Coefficient, Measurement of ........ 285, 293
Reflection,/ Transmission Test Units .............. 475
Reflectometer ... ... .. ... .. . e 529
Reflectometers, Crystal Detectoes for .. ... ......... 307
Rf
Impedance Meter ... ......... ... oo 255
Millivoltmeter ... ... ... . .. ... 216, 217
Noise Sources ... .o 314
Sampling Voltmeters .......... ... ........ 216,217
Test Seb .o 401
Test Systems ......... ... ... i 114,115
Unit o e 428, 430
Unit Holder . ... ... o 432
Voltmeters .. ..., ... ... ... ... 207-217
Regulated Power Supplies .................. 556-587
Remore Alarm Indicator ....... .. ....... ... ... 35
Remote Control Unit, Magnetic Tape Recorders .. 67,183
Remote Monitor ... ..o i i 55
Remote Monitor Oscilloscope ... ... ... .. 66
Resistance Meter Cell, Insulation Sampling ........ 223
Resistance Meter, High Resistance ............... 223
Resistance Meter, Milliobm ....... ... ... ... ... 222
Resistivity Cell, Insulation Sampling . ............. 223
Respiration Rate Preamplifier ............. ... . 60-62
Respiration Rate Transducer ............... 55, 60-62
Resuscitation System ..... .. ... .. ... . ... ... 55
Reversible Counter ... ... oo oo, 630
RMS Voltmeter ....................... 212, 241-243
Roll Chart Adapter . ............. .. ... ..... 148
Router, 8-Input, Multichannel Amaiyzer ... ....... 73
Rubidium Frequency Standard ...... ... ..... ... 646
RX Meter ... ..o 258

S-Band Equipment Table ... ... ............... 276
Sales & Service Offices
Africa, Asfa, Australia .............. ... ... 20,21
Central & South America .................... 22
Furope ... ... 18,19
United States of America & Canada .......... 16, 17
Sample Changer, Radioisotope .. ................ 80
Samnpled Voltage Analyzer ...................... 70
Sempling, Tnsulacion Resistivity ....... ... ... .. .. 223
Sampling RF Voltmeter ............... ... .. 216, 217
Sampling Oscilloscopes ... ... ... ..., 494, 542
Scaler-Timer, Nucleac .................. ..... 79, 82
Scanner
Digital ... ... 121
Input ... 118
Programmer ........ . .. . i 118
Scintillation Detector . ..., 85
Selective Voltmeters ............... 324, 325, 441-447
SELVICES o i 23-33
Servo Systern, Magnetic Tape ............... . ... 183
SHF Test Set ..ot 401
Shorting Switch, Waveguide .................... 310
Shorts, Coaxial ... ... .. . ... . . ... ..., 309
Shorts, Waveguide .............. ... ... ... 310
Signal
Analyzer 1/0 Coupler ... ... ... .. 20
Analyzers, Digital ........... ... ... 88, 89, 70, 72
AVEIAZED . ..o e 88
Averager (Multichannel Analyzer) ... ..... ... 73
Averaging, Techaical Taformation ........... ... 87
Conditioners Equipment. . 60-62, 154, 160-164, 173, 483
Coupler ... ... . 163
Delay ... 55
Multiplexer ... . ... oo 433
SOULces ... 342-433
Sources, Special Purpose, List of Signal
Sources t0 40 GHz ........... ... ... 384
Signal Generators (see Generators, Signal)
50 KHz-40 GHz, Listof .......... ... ........ 384
Alrcratt Test ..o 408
Audio Frequency . ... ... ... oo 380, 386
EM 407
FM-AM o 390
Power Amplifier ............. .. .. ... ... ... 489
Programmable ............ .. .o o L 386
Signal Soueces ... ... oo 371
Signal Sources . ... ... oo 379
SHE . e 402
Sweeper (675A) - ov i 386
Sweeping ... . o 386
Technical Information ... ............... 384, 385
Telemetey ... 407
UHF .. 397
VHE 390
Signal Switch ... .. .. .. . o 55
Single Channel Aoalyzers ... ................ 76, 82

Slide-Sceew TUuners . ..., 311
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Siiding Loads ta Voltmeters, Calibration System

Sliding Loads ........... ... .. .cciiiiinn 309, 310
Slotted Lines, Coaxial and Wavegaide ............ 282
Slotted Line Sweep Adapter .............. . ..... 283
Slotted Sectionis . ... ... 282, 28%
Slotted Section Carriage .. ...... ... .. ... .. ..... 284
Solid State Devices ... ... ... il 267
Sound Level Meter, ¥mpulse .................... 08
Sources, NOISE . .o\t e e e 314
Sources, Pseudo Random Noise .......... 102, 361-365

Sources, Signal: (see Sweepers; Generators,
Signal; Oscillators; Genérators, Sweep)

S-Parameter Test Set ... ... ... . ... .. ... 476
Special Purpose DC Preamplifiec ............. ... 163
Spectra, Gamma ... ... i e 69
Specteometer, GAMMA ... .. ... 70
Spectrum
Analyzer ...... .. ... ... .. 93, 326, 450, 455, 532
Low Frequency ..............ccoiiiiiiinnin. 448
Oscilloscope Plug-in ...l 532
Preselector . ... ... ... . . . i 459
GeDnEIALOT .\ o it e e 264, 410
Spectrometer, Molecular Rotational Resonance . ... .. 46
Square Wave Generators Instruments .......... 371-375
Stabilizer, Phase-Lock Frequency ............ 394, 431
Standards
AC 191
Cell, Electconic ... .. . it 194
DC 192-194, 196-197
Frequency and Time: Instcuments . . ... .. .. 643-654
Frequency and Time: Technical Information .. 637-642
Inductance . ... .. .. 260
o ST 260
Voltage Transfer . .......................... 194
Standby Power Supply ................ ... 593, 654
Standing Wave Indicator .......... .. .. ....... 294
Step Attenuator, Coaxal ... .. ... ... ... ..., 303
Storage Oscilloscopes ..., ... a 513, 536
Strain Gage Conditioning Equipment ... ....... 92, 624
Steip Chart Recorders
For GC ... . . i 41
Technical Information ................ ... ... 149
s-dInch o 152
W-Inch . . . o 150
Plug-ins ... .o 151
Summation Averaging, Technical Information ... ... 87
Susceptance, Calibrated ........................ 531
Sweeper/Generatar ... Lo 386-387, 420
Sweep Drive ... ... . o i 444
Sweep Generators (Technical Information) ....... 411
Sweep Function Generator .............. 372-374, 416
Sweep Oscillator ........... 372-374, 416-419, 422, 423

Sweeping Signal Generator ............ ... ...... 386

Swept Frequency Indicator ..................... 530
Swept Frequency Instruments ................... 480
Swept-Frequency Measurements Instruments .. .. 416-419
Swept-Frequency Measurements

(Technical Information) ............. 379, 411-415
Switch, Coaxial ........... ... ... ... ... ... 313
Switch, Shorting, Waveguide . ........ ... ... .. .. 310
SWR Indicator; Mounts ........................ 270
SWR Meter ........ . ... 269
SWR Meter, MiCCOWAVE ... ... ... 293
SWR, Reflection Coefficient Measurement . , . . .. 267, 268
Synchronizer ....... ... . .. 392
Synthesizer, Driver ........ ... ... . oian.. 606
Synchronizer, Oscillator . ....................... 431
Synthesizers, Frequency: Instruments . ......... 658-664
Synthesjzers, Frequency: Technical Information.. 656, 657
Systems, Custom . ... 114
Systems, Data Acquisition .................. 124-129
Systems, Mobile Resuscitation ................... 55
System Programmers ................ .. ..., 120
Systems, Recording . ... ... .. ... ... o, 183

T

Tachometer Generator ............ ....... ..., 635
Tape Recorders, Analog ... ............... 176-183
Tape Servo, Magnetic ......................... 183
Teleprinter Coupler .. ...l 121
Telemetering Magnetic Tape Recordets . ... .. .. 176-183
Telemetry Signal Generator ................ 391, 407
Telephone

Cable Fault Locators ........c.covviiioion. 316

Test Meter ... ... i 322

Test Oscillator .. ..., ... .. i 323

Test Set ... ... 302-305
Television Waveform Monitors .. ... ........ 328, 329
Temperature Probe .. ... oo o 623
Terminal Shield for 48004 ... .................. 254
Terminations

50- and 75-Ohm Feedthru . ......... ... .. ... .. 548

75 Ohm ... ... e 338

Coaxtial . . e 300

Sliding-Load ...... ... ... .. ..ol 309, 310

ShOmS L 292

Waveguide ... i 310

Waveguide, High-Power ....... ... ... ..... 310
Test Equipment, Microwave

(Technical Information) .................... 268
Test Equipment Table, Microwave, Coaxial .. ..... .. 274
Test Leads ... o v e 226
Testmobiles ... ... ... . . 550
Test Oscillators ...t 327, 381-382
Test Oscillator Telephone . ... ... ... ..., 323
Test Oscillator, Video .......... ... ... ..... 327
Test Set

ATC Transponder . ...... ... ...coiiieiioan- 408

Communications Systems .................. 320-323

MICrOwave ., .. ... ... .. i 401



DME/ATC .\ 408
RE o e 365
JLS Receiver .. ... . e e 409
SHE e 401
S-Parameter ... v e 476
Telephone Systems .. ... .................. 320-323
Transmission Line .. ... ...... .. ... 0.ov.. 320-323
VOR RECEIVEL .. ioie it i i e 409
X-Band . ... e 401
Test System, Digital Logic Module ............... 123
Tesc Systems, Automatic ................... 114, 115
Thermal Converters .. ... ... e, 197
Thermal Dilution Plug-in ..................... 60-62
Thermistor Mounts . ............c......... 288, 289
Thermometer, Quartz ... ... ...........oviin.. 52
Third-octave Filter . ......... . ... . i 98
Time Domain Reflectometer ..., ........,........ 529
Time Interval
Analyzer ... ... . L oo 70
COoUNLEr ..o o i e 576
Measurement ... ... ... ... 134, 604, 616, 618, 636
Time Scale Translator ........... ... ... .. v..... 852
Time-Shared System, Computer .......... ........ 110
Time Standacds ... ......... ... ... ... 644, 646, 655
Timers . .............. 134, 604, 616, 620, 622, 628, 636
Timec, Preset( Nuclear) ... ................ 79, 82
Timing Modules, NIM .. ......... ............ 78
Timing Pickoff ........ ... .. ... . ..o 78
Track Selector, Reproduce Magnetic Tape Recorders.. 183
Tracking Oscillator ................... 125, 446-447
Transducer
Amplifier Indjcator . ....... ... . .o 184
Diffecential Pressure . .........cvieeennnon. 60-62
Displacement ......... ... ... ... ... . 184
Fluid Pressure, Medical ......... .. ... ...... 60-62
Force ... . . . 185
Force, Medical ...... .. ... ... .. .. .. ... 60-62
General ..., ... 60-62, 184, 1185
Linear Displacement .. ... ... ... .............. 184
Linear Velocity ............c... .o in.t. 185
Linearsyn . ... . . 184
Low Level Force .. ... ... . i it 185
Medical ... ... ... i 60-62
Pressure ... ... .. ... e 185
Pressuce, Medical .............. .. ........... 78
Pulse Wave .. ... . ... .. .. . e 60-62
Respiration ........... ... ... iiiviiinin.. 55
Respiration Rate .......................... 60-62
Velocity ...... ... J 185
Transfer DC Standards .. ... .................... 194
Transfer Oscillater . ... ....... ... .. 607, 610, 613, 614
Transfer Standard Reference Bank ......... ...... 194
Transformer, Isolating ........................, 383
Transformer Line Matching ................. .. .. 383
Transistor Bias Supply ............... ... .. ..... 477
Transistor Chips .......... ..o i 267
Transistor Fixtures ......... ... v, 476
Teansistor Test Jig .........oviiii ... 258

Transtator, Time Scale ............ .. ... .. ..., 652
Translator, Ulttasonic . ....... ..., 316
Transmission Generator ..............c..... 334.345
Triangular Generators (see Function Generators) 366-375
Trend Recoeder . ... ... ooty 54-55, 153
Tunable Voltmeter . ....... . ... .. .. 206
Tuners, Slide-Screw ... ... .. ... .. . 3l
Tuned-Amplifier Voltmetee ..................... 293
TV Broadcast Monitors ........... ... .00 0n.n. 330
TV Picture Monitor .. ..................... 314-315
TV MoOnitors . ..o i e 331
TV Waveform Monitor .. ... .. ... 328
Typewriter Coupler ...................... ..., 121
U
UHF Sigoal Generator ......................... 361
Ultecasonic Diagnosis . ......oooeniiiiiis 56
Ultrasonic Translator Detectors . ................. 316
Ultraviolet Recording Systems .. ............. ... 65
Universal Counter . .......... ... .. i. 616, 618
Universal Coupler . ... i, 121
Universal Extension .. ... ... ... ... ... ..... 476
Universal Impedance Beidge .................... 257
L0811« 1= 301
Up-Converter, Microwave ...................c.. 460
Vv
Vito FConverter ... ..o 247
Vapor Pressure Osmometer ., ......... ... ....... 50
Variable-Persisteace Osctlloscope . ............ 513, 536
Variable Phase Function Genetators .. ............ 371
Variable Rise and Fall Time Pulse Generator ....... 344
Variable Risetime Pulse Generator .. .......... 344, 358
Vetorcardiograph . ... ... ... . i it 56
Vector Impedance Meter .................... 254-255
Vector Programmer ........ ... ... oo 56
Vector System ... ... .. 56
Vector Voltmeter . ... .o vt 467
VHFE Oscillator ... v i, 396
Video Test Oscillator .. ... ... .. . . iivei.. 327
Viewing Hoods ... iiiien, 549
Viscometer, Automatic .................cv . 51
Viso-MoOnitor ... i e 5$
Viso-8¢ope .. ... e 55
VLF Receiver-Comparator .........v.o.ov.vnn.. 452
Voice Channel, Magnetic Tape Recording ... ....... 183
Voltage Divider Probe ............... .. ........ 225
Voltage-to-Frequency Converter .................. 247
Voltage Source, Digital .. ..., ... ... .. ..., 113
Volt-Ammeter ... . ..., 218,219
Voltmeters
AC ... 206-217, 220, 240-246, 249
AC Calibrator . ...... ... ... ...... 191, 198-200
Calibeator, AC/DC .. .......... ... . ..... 198, 199
Broadband Sampling ................. ..., 216
Calibration System .. ..................... 198-200

11
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Voltmeters, DC to YIG

DC ..o 192, 193, 195-198, 213-215,
218-221, 234, 236246, 248-251

Digital ... ..o 234246, 248-251
Logarithmijc Scale ....................... 207-210
Microwave ... .. 294
RE e 207-217
Selective ....... ... L. 324-325, 441-447
SWR 294
Technical Information .... 187-190, 201-205, 229-233
Troe RMS ... ................. 212, 241-243, 322
Tunable ... ... .. . .. 206
Vetor ..o 467
VOR Receiver Test Set ............... .ot 409

W

Walt Mount Bracker ... . ... .. ... ... L. 55
Wave Analyzers .................. 324, 325, 441-447
Wave Analyzers Techaical Information ..... ... 437-440
Waveguide Adapter, Micsowave . ................ 460
Waveguide Crystal Detector ................. ... 307
Waveguide Mixer, Mictowave .................. 460
Waveguide Reflection/Transmission Test System . ... 476
Waveguide Shorts .. ............ o il 310
Waveguide Stand, Clamps ...................... 312

Waveguide-to-Coaxial Adaptecs ................ .. 312
Waveguide-to-Waveguide Adapters ............... 312
Waveguide Sliding Load ....................... 310
Wavemeter . .....viiiii 408
Weighted Averaging, Technical Information . ... .. 87-88
Wideband Instrumentation Recorder .......... 181, 182
Working Standard, Capacitance .................. 222
WO VB RECEIVEL v vvcveieaerecaecnarenes 652
X-Y
X-Band Equipment Table ...................... 279
X-Band Instramentation .... 607, 608, 610, 611, 613, 614
X-Band Test Set . ... ..o 401
XY Displags ... 501, 506
XY RECOLAErs .. ovv e 138-145
Built-in Time Base ........ ... .......... .. .. 140
General Purpose ... ..o 139
High Sensitivity ......... . ... .. ... .. ..... 142
2Pen 141
Plug-in Module ................ ... ..... 144, 145
With Plug-in Module . ................ .. . ... 143
Technical Iaformation ...l 138
Xeray Detector ... 85,138

YIG Filter (Gas Tunable Element in
8441A Preselector) ...l 459
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“f/ ABOUT HEWLETT-PACKARD

GENERAL INFORMATION

Hewlett-Packard products are manufactured in factories
located throughout the free world. The Hewlett-Packard field
sales office, representative, or distributor in your area is
equipped to handle all your needs for information on any
Hewlett-Packard product, angd for parts or service on Hewlett-
Packard products you are already using. A worldwide listing of
field offices, representatives and distributors commences on
page 16,

Order by mode| number

When you order, please specify the catalog model number
and name of instrument desired. For example, "Model 180A
Oscilloscope.” To prevent misunderstanding, include significant
specifications. Whenever you want special options or features
such as special color, non-standard power line voltage. etc., in-
clude specific instructions.

Many Hewlett-Packard instruments are supplied in cabinets
along with easily actached hardware for direct mounting jn 19”
equipment racks. Other Hewlett-Packard instruments are avail-
able in cabinets for bench use or with 19” panels( for example,

“180AR") for rack mounting. Catalog listings indicate the
availability of cabinet or rack mounting arrangements, Please
be sure your order indicates which you desire.

Price and delivery information

The illustrations and product information herein were cur-
rent at the time this catalog was approved for princing. How-
ever, in order to continue to offer the finest instrumentation
available, Hewlett-Packard Company reserves the right to
change specifications, designs, models or prices without notice
and without liability for such changes. Prices listed are F.O.B.
USA factory or warchouse, except 2s indicated. Consulr your
nearest field sales office to confirm prices ar your location and
to obtain current delivery information.

Local technlcal assistance

Technical assistance in selecting equipment and preparing
orders is available, without charge, from field engineers at sales
offices in the USA and in principle areas throughout the world.

FOR CUSTOMERS IN THE USA

Where to send your order

Your order should be made out to the Hewlett-Packard
Company and sent to the Hewlett-Packard office nearest you.
Each field office has special communication channels to the
Hewlett-Packard factories to assure prompt and efficient han-
dling of your order. For Delcon products see page 316.

Shlpping methods

Shipments to destinations in the USA are made directly from
local factories or warehouses. Unless specifically requested
otherwise, express or truck transportation is used, whichever is
less expensive and most sesviceable to you. Small items are sent
parcel post. If rapid delivery is needed we will gladly ship by
the more expensive methods of air {reight, air express, or air
parcel post when specified on your order. In many parts of the
USA a consolidated ajir freight service provides the speed of
air transport at surface rates. Ask your field engineer for details.

Terms

Terms in the USA are 30 days net. Unless ccedit has already
been established, shipments will be made C.O.D., or on receipt
of cash in advance.

Quotations

Upon request, quotations including destination prices, will
be furnished to you by your local Hewlete-Packard sales office.

FOR CUSTOMERS OUTSIDE THE USA

Where to send your order

In many countries, your order can be placed directly on your
local Hewlett-Packard distributor or representative. If there is
none, as yet, in your area, your order should be placed directly
on the office indicated for your part of the world.

Shipping methods

Shipments to customers outside the USA or Western Evsrope
are made from the appropriate Hewlert-Packard facility by
eirher surface or air, as requested. Sea shipments usually require
commercial export packaging at 2 nominal extra charge.

Terms

Terms for orders from counsries outside the United States of
America which are placed on the Hewlett-Packard Company,
Hewlett-Packard S.A., or Hewlett-Packard Inter-Americas, are
irrevocable letter of credit or cash in advance, unless other
tecms have been arranged previously, Terms for orders placed
on authorized Hewlete-Packard distributors are mutually
determined between the customer and the distributor,

Quotations and pro forma Involces

FAS, CIF, C&F, ¢tc. quotations or pro forma invoices, as well
as exportation and importation assistance, are available on
request from local authorized Hewlett-Packard sales office or
representative.
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“Advancing the state of the’art’* and “contribution’” are
expressions often heard in Hewlett-Packard’s 18 research and
development laboratories across the United States and around
the world. The expressions accurately reflect the phifosophy
on which the company was founded in 1939 and which today
guides the development of new products used in rapidly in-
creasing numbers to test, to measure and to compute.

Other expressions are heard, too. These include “finest
craftsmanship™ and “highest quality” in the company's 18
manufacturing plants. “Service” is another. It is the watch-
word of the sales engineering staffs. With "fast” and “ex-
pert"” added, it becomes the motto at HP's customer secvice
facilities.

All these expressions could be merely hollow words. At
Hewlett-Packard they aren’t. Our aim is to bring to our
valued customers the best products available, well designed,
well made, well maintajned.

We aren’t perfect, but we try to be.

Fifty-thousand customers know us and our 2,000-plus
products, which broadly cover the fields of electronic, medi-

Hewlett-Packard Corporste Headquarters, Palo Alto, Calit.

=
ABOUT HEWLETT-PACKARD /@ MANUFACTURING OPERATIONS

cal and analytical instrumentation, data acquisition and
processing equipment, digital computers and electronic cal-
culators. They sell at better than a quarter-billion-dollars-a-
year ¢hip.

Hewlett-Packard has 1,500 engineers and scientists dedi-
cated to helping you solve your problems. Over the years,
their contributions to technology have been numerous: the
fisst stable audio oscillator . . . first high-speed electronic
counter . . . atomic-controlled frequency standards, clocks ac-
curate to a second in 30,000 years . . . this century’s most
significant development in thermometry, a quartz thermom-
eter precise to 1/10,000th of a degree Centigrade . . . many
important innovations in oscilloscopes . . . leadership in volt-
meters . . . a desk-top calculator that can outperform some
small computers . . . versatile digital computers designed to
interface easily with measuring instcuments . . . gas chromato-
graphs able to detect and identify quantities as minute as a
million-millionth of a gram , . . patient-monitoring systems
thar markedly reduce the mortality rate for cardiac patients
... and many others. Tomorrow there will be still more.

Microwave, Frequency & Time, end Corporate Headguarters,
Palo Alto, Calif.
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SALES & SERVICE OFFICES J f

ALABAMA
o P.0. Box 4207

2003 Byrd Spring Road S.W.

Huntsvllle 35802
Tel: (205) 881-4531
TWX: 810-726-2204

ARIZONA
€) 3009 North Scoltsdale Road

Scottsdate 85251

Tel: (602) 845-7601

TWYX: 810-950-1282

o 5737 Esst Broadway
Tucsen 85716
Tel: (602) 288-2313
TWX: 910-952-1162

® (1]
40)
@
5 @
(5]
(1]
7] o L2
o (29]

UNITED STATES
AND CANADA

CALIFORNIA

3939 Lankershim Boulgvard
North Hollywood 91604
Tel: (213) 877-1282

TWX: 910-499-2170

110t Embarcaders Road
Palo Altg 94303

Tel: (415) 327-6500
TWX: 810-373-1280

259) Caslsbad Avenue
Sacramento 95821
Tel: (916) 482-1463
TWX: 810-367-2092

1058 Shatter Street
San Diego 62106

Tel: (714} 223-8103
TWX: §10-335-2000

COLORADO

7965 East Prentice
Englewood 30110
Tel: (303) 771-3455
TWX: $10.935-0705

CONNECTICUT
508 Toliand Street
East Hartford 06108
Tol: (203) 289-8394
TWX: 710-425-3416

11) Easl Avenue
Norwalk 06851

Tel: (203) 853-1251
TWX: 710-488-3750

DELAWARE

3341 Kennstt Pike

Wilmington 19807

Tel: (302) 855.615}
TWX: 510-666-2214

FLORIDA

P,0. Box 545

Suite 106

8939 N.€. 2nd Avenue
Miami Shores 33153
Tel: (305) 754-4565
TWX: 810-848-7262

P.0. Box 20007

Herndon Station 32814
621 Commonwealth Avenue
Grlando

Tel: (305) 841-3970

TWX: 810-850-0113

P.0. Box 8128
Madeira Beach 33708
410 150th Avenue

St. petershurg

Tel: (813) 391-0211
TWX: 810-863-0386

AEORGIA

P.0. Box 28234

450 ioterstate North
Aflanta 30328

Tel: (404) 436-6181
TWX: 810-766-4890

HAWAII (Megica) Oaly)

X-ray & Medical Equlpment Co.
1157 Soulh King St.

Honolulu 96814

Tel: 506-300

ILLINOIS

5500 Howard Street
skokio £0076

Tel- (312) 677-0400
TWX: 910-223-3613

INDIANA

4002 Meadows Drive
Indianapolis 46205
Tel: {317) 548-4891
TWX: 810-341-3263



LOU(SIANA

P.0, Box 856

1942 Willlams Boulevard
Kanner 70062

Tal: (504) 721:6201
TWX: 810-955.9524

MARYLAND

6707 Whitestone Road
Baftimare 21207

Tely (301) 944-5400
TWX: 710-862-0850

P.0. Box 1648

2 Choke Charry Road
Reckville 203850
Tel: (301) 948-6370
TWX: 710-828-9684

MASSACHUSEYTS
32 Hartwell Ave,
Lexington 02173
Tel: (617) 861-8960
TWX: 710-326-6904

MICRIGAN

24315 Northwestern Highway
Southflefd 48075

Tely (313) 353-9100

TWX: 810-232-1532

MINNESOTA

2459 University Avenue
$¢, Pau) 55114

Tel: (812) 645-9481
TWX: 510-563-3734

MISSOURI

9208 Wyomlng Place
Kansas Clty 64114
Tal: (B16) 333-2445
TWX: 910-771-2087

2812 South Brantwood Bivad,
St. Louls 63144

Tal: (314) 962-5000

TWX: 910-780-1870

NEW JERSEY

W. 120 Century Road
Paramus 07852

Tel: (201) 265-5000
TwX: 710-890-4951

1060 N. Kings Hlghway
Cherry RiD 08034

Tel: (6809) 6674000
TWX: 710-892.4945

NEW MEXICO

P.0, Box 8366

Station C

6301 Lomas Boulevard N.E.
Albuguerque 87108

Tel: (505) 255-5586

TWX: 910-988-1665

158 Wyatt Drive
Lag Crsces B8D01
Tel: (505) 526-2485
TWX: 910-983-0550

NEW YORK

1702 Central Avenue
Atbany (2205

Tel: (518) 868-8462
TWX: 710-441-8270

1219 Campville Road
Endicatt 137564

Tel: (607) 754-0050
TWX: 510-252-0890

32

82 Washington Street
Poughkeepsie 12601
Tal: (914) 4547330
TWX: 510-248-00)2

39 Saglnaw Drive
Rochester 14622
Yel: (716) 4739500
TWX; 510-253-5981

1025 Northern Boulevard
Roslyn, Long Islang 11576
Tel: ¢(536) 869-8400

TWX: 510-223-0811

5858 East Molloy Road
Syracus¢ 13211

Tel: (315) 454-2486
TWX: 710-541-0482

NORTH CAROLINA
P.0. Box 5188

1923 North Maln Street
High Polnt 27262

Tel: (919) 882-6873
TWX: 510-926-1516

OHSO

25575 Cenler Ridge Road
Cleveland 44145

Tel: (216) 835-0300

TWX: 810-421-8500

3460 South Dixle Orive
Dayton 45439

Tel: (513) 298-0351
TWX: 810-459-1925

OXLAHOMA

2919 United foundars Boulevard
Oklakoma City 73112

Tel: (405) 848-2801

TWX: 910-830-6862

OREGON

Westhills Mall, Suite 158
4475 S.W. Scholls Ferry Road
Portland 97225

Tel: (503) 2929171

TWX: 910-464-6103

PENNSYLVANIA

2500 Moss Side Boulevard
Mornroeviile 15148

Tel: (812) 2710724

TWX: 710-797-365Q

144 Elizabeth Strest

Wwest Conshohocken 19428
Tel: (215) 248-1800, 828-6200
TWX: 510-660-871%5

TEXAS

P.0. Box 1270

201 E. Arap2aho® Rd.
Richardson 75080
Tol: (214) 231-8101
TWX: 810-867-4723

P.0. Box 22813

4242 Richmond Avenue
Housten 77027

Tel: (713) 667-2407
TWX: 510-881-2645

GOVERNMENT CONTRACY OfFICE
225 Billy Mitchell Road

Ssn Antonio 78226

Tal: (5)2) 434-4171

TWX: 910-871-1170

UTAH

2880 South Maln Street
$a(t Lake City 84115
Tel; (8301) 486-8186
TWX: 910-925-5881
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VIRGINIA

P.0. Box 6514
2111 Spencer Road
fichmond 23230
Tel: {703) 282-5451
TWX: 710-956-0157

WASHINGTON
433-108th N.€.
Bellavue 98004
Tef: (206) 454-3971
TWX: 910-443-2303

FOR 4.8. AREAS NOT
LISTED:

Contact the reglonal office near-
est you: Atlanta, Georgia...
North Hollywood, Callfornls. . .
Paramus, New Jersey . .. SKokie,
Hilngls, Thelr complate ad-
dregses are listed above.

CANADA

®

ALBERTA

Hewlatt-Packard {Canada) Ltd.
11746 Jasper Ave.

Edmonton

Teli (403) 482-356)

TWX: 610-831-2431

BRITISK COLUMBIA
Howlett-Packard (Canada) Lid,
304-1037 West Broadway
vancouvar 9

Tel: (604) 738-5301

TWX: 610-922-5059

MANITOBA

Hewlfett-Packsrd (Csnada) Ltd.
511 Bradiord Ct.

St. james

Tel: (204) 786-7581

NOVA SCOTIA
Hewlett-Packard (Csnaga} Ltd.
7001 Mumfserd Road

Sulte 356

Halifax

Tel: (902) 455-0511

TWX: 610-271-4482

ONTARIO

Hewielt-Packard (Canada) Lid.
880 Lady Ellen Place

Ottawa 3

Tel: (613) 7224223

TWX: 610-562-1952

Hewlett-Packard (Canada) Lid.
1415 Lawrence Avenue West
Yoronte

Tel: (416) 249-9196

TWX: 510-392-2382

QUEBEC

Hewleit-Packard (Cangda) Ltd.
275 Hymus Soulevard

Pofinte Clalre

Tel: (514) 687-4232

TWX: 610-422-3022

Telex: (1-20807

FOR CANADIAN AREAS NOT
LISTED:

Contact Hewlett-Packard (Can-
ada) Ltd. ia Pginte Clsire, at
the complete address listed
above.
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SALES & SERVICE OFFICES

Offlces handle all catalogued mroducts
except as noted:

<  Handles anaéyzﬁcal products

Pages 34-

¥  Masndles medical products
Pages 53-67

&8 Randles al{ other products
Pages 68-664

AUSTRIA

o Unilabor GmbH
Wisssnschaltliche (nstrymente
fRummelhardtgasse 6/3
P.0. Box 33
Vienna A-1095
Tel: 42 61 81
Cable: LABORINSTRUMENT

Yienna
Telex: 75 762

BELQIUM

e Hewlett-Packard Senelux S.A.
348 Boulsvard du Souverain
Brussels 16
Tel: 72 22 40
Cable: PALOBEN Brussels
Telex: 23 493

DENMARK

@ Mewleft-Packard A/S
Langebjerg 6
2850 Nascum
Tel: (01) 80 40 40
Cabla: HEWPACK AS
Telex: 66 40

FINLAND

o Hewlett-Packard 0/Y
Gyldenintie 3
Ralsinkl 20
Tel: 67 35 38
Cable: HEWPACKOY-Helsiaki
Telex: 12-1563

FRANCE
e Hewlett-Packard france
Box No. 6
Quartlere de Courtabouef
Bolte Postale No. 6
91 Orsay
Tel: 520 88 01
Cable: REWPACK Parls
Telex: 60048 HEWPACK ORSAY

e Hewlett-Packard France
4 Qua des Etrolts
65 Lyon 5o
Tel: 42 63 45

QERMANY
o Hewlett-Packard Vertriebs-GmbR
Lietzenburgerstrases 30
1 Berlin W 30
Tel: 24 88 36
Teiex: 18 34 05
© Hewlett-Packard Vertrlebs-GmbH
Nerrenbergerstrasse 110
703 Bidlingen, Wirttemderg
Tel: 07031-6971
Cabla: HEPAG Bablingen
Telex: 72 65 739

o Hewlett-Packard Vertriebs-GmbH
Achsnbachstrasse 15
4 DUsseldorf 1
Teli 68 52 58/59
Telex: 85 86 533

(@ Hewlett-Packard Vertrisbs-GmbK
Kurhessenstrasse 95
6 Frankfunt 50
Tel: 52 00 36
Cables HEWPACKSA Frankfurt
Telex: 4} 32 4%

0 Hewlett-Packard Vertriebs-GmbH
Beim Strohhause 26
2 Wamburg 1
Tel: 24 05 51/52
Cable: HEWPACKSA Hamburg
Telex: 21 53 32

®

® ®

v

S

EUROPE

Hewlett-Packard Vertriebs-GmbH
Reginfriedstrasse 13

8 Minchen 90

vel: 0811 69 5) 21/22

Cable: HEWPACKSA Munich
Telex;: 52 49 85

GREECE

Hostos Karayawnis
18, Ermou Street
Athens 126

Tel: 230 301

Cabfe: RAKAR Athens
Teley: 5962

"INTECO" Technlical Agencles
Skoufa 15

Athens 136

Tel: 631 072

Telex: 5962

Etanem Company
Amarikls Street 12
Athens 134

Tel: 628 972

Cable: ETANEM Athens

{CELAND

Elding Trading Company lnc.
Hafnarhvoll - Tryggvagbte
Reykjavik

Tel: 158 20

Cable: ELDING Reykjavik

IRELAND
Hewlett-Packard Ltd,
224 Bath Road

Stough, Bucks, England
Tel: Slough 2753.3334)
Cables HEWPIE Siough
Telex: 84413

Smith & Sheppard (1940) Lid.
124 SL. Stephen's Green
Dublin

Tel: 525 00

Cable: SURGICAL Dublin

ITALY

Rewlett-Packard taliana S.p.A.
Viale Luniglana 46

20125 Mifan

Tel: 689 35 &4

Cable: HEWPACKIT Milan
Teiex: 32046

Hewlett-Pazkard !tallana S.p.A.
Palazzo (talla

Plazza Marconi 25

00144 Rame - Eur

Tel: 531 2544

Cable: HEWPAGKIT Roma
Telex: 61514

NETHERLANOS
Rewlett-Packard Benelux, N.V.
de Boelelaan 1043
Amsterdam, 2 11

Tel: 42 77 77

Cahle: PALOBEN Amsterdam
Telex: 13 216

NORWAY
Hewlett-Packard Norge A/A
Nesvelen 13

Kasium

Tel: 53 83 60

Cable: HEWPACK Oslo
Telex: 6621

PORTUGAL

Telectra

Rus Rodrigo da Fonseca 103
P.0. Box 2531

tisbon 1

Jel: 68 80 72

Cable: TELECTRA Lishon
Telex: 1598

Munditer

Intercambio Mundial de
Commerclo S.a.r.l.

Avenida Antonjo Augusto

de Agular 138

Lisbon

Tel; 73 21 31

Cable: (NTERCAMBIO Lisbon

SPAIN

Atalo [ngenisros
Urge!, 259
Barcetona, 11
Tel; 230-69-88

Atajo ingenlaros

Enrique Larrets 12
Madrid, 16

Tel: 235 43 44

Ceble: TELEATAIO Madrld
Telex: 2 72 49

SWEDEN

Hewlett-Packard (Sverige) AB
Hagahersgatan 7

431 04 M&Indat 4

Tel: 031 - 27 68 00

Hewlett-Packard (Sverige) AB

Svatsarvigen 7

§171 20 Solna §

Tel: (08) 98 12 50

Cable: MEASUREMENTS
Stockholm

Telex: 10721

SWITZERLAND

Hewlett Packard (Schweitz) AG
Zurcherstrasse 20

8852 Schlieren

Zurleh

Tel: (05)) 98 18 21/24

Cable: HEWPACKAG Zurich
Telax: 53933

Hewlett Packard (Schweitz) A,G.
Rue du Bois-du-Lan 7

1217 Meyrin.Geneva

Tek: (022) 4} 54 00

Telex: 2 24 86

TURKEY

Telekom Englnesring Bureav
P.0. Box 376 - Galata
Istanbul

Tal: 49 40 40

Cable:r TELEMATION Istanbul

Or, Faruk Komil!

Vall Konagl Caddesi No. 35
Harbiye, istanhul

Tel: 48 18 07

Cable: PYKTRON Istanbul

UNITED KINGDOM
Hewlett-Packara Lid.
224 Bath Road
$lough, Bucks

Tel: Stough 753-33331
Cable: HEWPIE Slough
Telex: 84413

YUGOSLAVIA

Belram S.A,

83 avenue des Mimosas
Brussels 15, Belgium

Tel: 34 33 32, 34 26 19
Cable: BELRAMEL Brussels
Telex: 21790

FOR AREAS NOT LISTEO,
CONTACT:

Hewlett:-Packard A.G.

Rue du Bols-du-Lan 7

1217 Meyrin-Genava

Tel: {022) 41 54 00

Cable: HEWPACKSA Geneva
Telex: 2,24.86
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Handles ana}
Pages 34-52

Handles medical products
Pages 53-87

Raadles al} other products
Pages 68-664

cel products
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ANGOLA
Telectrs Empresa Técenica
de fquipamentos Eféctricos §¢4
Rua de Barboss Rodrigues
42-1°
Box 6487
Luanda
Cable: TELECTRA Loands

AUSTRALIA

Hewlett-Packard Australla Pty, Ltd.
22-28 Welr Street

clen Iris, 3146

Victorla

Tely 20.1371 (4 (Ines)

Cable: KEWPARD Melbourne

Telex: 31024

Hewlett-Packarg Australla Pty. Lid.
B) Alexander Street

Crows Nast 2065

New South Wales

Tel: 43.7866

Cable: HEWPARD Sydney

Howlatt-Packard Australia Pty. Ltd.
47 Churchltl Road

Prospect 5082

South Australia

Tel: 65.2366

Cable: HEWPARD Adelaide

Hewlett Packarg Austsalla Pty, Ltd.
2nd floor, Sulta 13

Casablanca Buildings

196 Adelaide Terrace

Perth, W.A.

CEYLON

Unltad Electricals Ltd.
P.0. Box 681

Yahala Suliding

Staplas Street

Colombo 2

Tel: 5496

Cable: HOTPOINT Cofombo

CYPRUS

Kypronics

18-19D Hommer Avenue
P.0. Box 752

Nicosia

Tel: 6282-75628

Cable: HE-I-NAMI(

ETHIOMIA

{rican Salespower & Agency Prlvate Ltd., Co.
P. 0. Box 718

58/59 Cunningham St.

Aodis Ahaba

Tel: 12285

Cable: ASACO Addisababa

HONG KONG

Schmidt & Co. (Hong Kong) Ltd.
P.0. Box 297

1511, Prince's Building

10, Chater Road

Hong Keng

Tel: 240168, 232735

Cable: SCHMIDTCO Hong Kong

INDIA

The Sclemilfic Smstrument Co., Ld.
6, Te| Bahadur Sapru Road
Albahadad 1

Tel: 2451

Csble: SICOC Allahbad

SALES & SERVICE OFFICES /&%
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AFRICA, ASIA,
AUSTRALIA

The Scientltfic instrument|Co., kd.
240, Dr, Dadabhai Naorofl Road
Bombay 1

Tel: 26-2642

Cable: SICO Bombay

Ploneer Equipment Coa., Pyt. Ld,
Seksarla Chambars

139, Neglindas Mastar Road
P.0. Box 1309

Fort, dombay 1

Tel: 25.1882

Cable: PIOMETAL Bombay

The Sclentiflc Instrument*Co., Ld.
11, Esplanade East

Calcutta 1

Tel: 234129

Caple: SICO Calcutta

Plonesr Equipment Co., Pvt. Ld,
3, Esplanade East
Caloutta 1

The Scientitic Instrument Co., Ld.
30, Mount Road

Madras 2

Tel: 86339

Cable: SICO Madras

Ploneer Equipment Co., Pyt. Ld.
22, Royapeltah High Road

First Floor, North Wing

Madras 14

The Scientiflc (nstrument Co., Ld.
8.7, Almeri Gate Extn,

New Delh) 1

Telt 27-1053

Cabje: SICO New Delni

Pionaer Equipment Co., Pvt. Ld,
36-8, Nizamuddin West
New Beftil 12

INDONESIA

Bah Bolon Trading Co. N.Y.
Dialah Merdeka 29
Bandung

1RAN

Telecom, Lid.

P. 0. Box 1812

240 Kh. Saba Shomall
Teheran

Tal: 43850, 48111
Cabla; BASCOM Teheran

I1SRAEL

Electronics & Engineering
Div. of Motorola Israel Ltd.

16, Kremenatski Street

Tel-Aviv

Tal: 35021 (4 Ilnes)

Gable: BASTEL Tel-Avly

Telex: Bastel Ty 033-569

JAPAN
Yokogawa-Hewlett-Packard Lid.
Risel lbaragl 8ldg.

2-2-8 Kasuga

ibaragi-Shi

Osaka

Tel: 23-1641

Yokogawa-Hewlett-Packard Ltd.
Ito Bullding

No. 59, Kotori-cho
Nekamura-ku, Nagoya City
Tel: 551-0215

Yokogawa-Hewlett-Packarg Ltd.
Ohashi Bullding

59 Yoyogl 1-chrome
Shibuya-ky, Tokyo

Tel: 370-2281

Telex: 232-2024YHP

Cable: YHPMARKET TOK 23-724

The Nissho Company Lid.

Nissho Buliding

10, Nthonbashl-Edebashl, 1-chome
Chuo-ku, Tokys

Tel: 273-5111

Cable: NISSHOCONY Tokyo
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KENYA

R. f, Thhury Lid.

P. 0. Box 2754

Sulte 517/518

Hotel Ambassadeur

Nairobi

Tal: 25670, 26803, 68206, 58158
Cabler ARJAYTEE Nairobi

International Aeradio (E.A,), Ltd.
Najrobl Alrpart

P.0. Box 19012

Nairobl

Tel: 82222

Ceble: INTAERIQ Najrobi

KOREA

Amacican Trading Co., Korea, Ltd.
P.0, Box 1103

Dae Kyung Bldg.

170 Ssjong Ro

Chongra Ky

Seoul (4 lines)

Tel: 75-5841

Cable: AMTRACO Seou!

Asia Science & Company
(nternational P.0. Box 1250
23-15, 1-KA, Cheongmoo-ro
Choong-ku, Seoul

Tel: 28-1431

Cable: ASIASGIENG Seaat

LEBANON

. Makhiouf & Co.

P.0. Box 983

144, Damiscus Avenue
Belrat

Tel: 226221, 242662

Cable; MAKHLOUFCO Belrut



2 @

-~

kS -q%.

hE:

Constantin €. Macridis
Clemenceau Street

Clemenceau Canter

Belrut

Tel: 220846

Cabie: ELECTRONUCLEAR Belrut

MALAYS(A

MECOMB Maltaysia Ltd.

2 Locong 13/6A

Section 13

Petaling Jaya, Selangor
Cable: MECOMB Kuala Lumpur

NEW ZEALAND
Hewiett-Packard (N.Z.) Ltd.
32-34 Xent Terrace

P.0. Box 8443

wellington, N.Z.

Tel: 58-409

Cable: HEWPACK Wellington

Deantal & Medical Supply Co., Ltd.
P.O. Box 1594

128 Wakefieid Street

Wellington, C. 1

Tel: 70-769

Cable: DENTAL Wellington

PAKISTAN (EAST)
Mushho & Company, Ltd,
31, Jinnah Avanue

Dacca

Tel: 80058

Cable: NEWDEAL Dacca

Dodhys Agencles

9-4, Motljheel

Datea 2,

Cable: OODHYS Dacta

PAKISTAN (WEST)
Mushko & Compary, Ltd,
Oosman Chambers

Victorls Road

Karacht 8

Tel: 51027, 52327

Cable: COOPERATOR Karachi

Dodhys Agencies

2, McLeod Road
Lahore 6

Tel: 66180

Cable: DODHYS Lahore

PHILIPPINES

Jaternational Industrial [avestment
P.0. Box 2511

Plarza ds Blnondo

No. 417 | Lana Street

Manita 12133

Tel: 4-26-08, 4-81-52

Cable: THREE.] Manils

Electromex In¢.
2125 Pasong Tame
Makall, Riza)

P.0. Box 3415
Manfla

Cable: ELEMEX

SINGAPORE
@ Mechanical and Combustica
Engineering Company Ltd.
9, lalan Kilang
Singapare, 3
Tel: 642361.3
Cable: MECOMB Singapore

SOUTH AFRICA
@ Hewlott Packerd (Pty.), Ltd.
HIll House
43 Sornersel Rd.
€aps Yown
Tel 2-9711
Cable: AUTOPHONE Cape Town
Telex: 7038CT

@ Hewlett Peckard (Pty.), Ltg.
607 Pharmacy House
80 Jorissen Straet
8raamiontein, Johannasburg
Telr 724-4172
Telex: 0025 JHB

SYRSA
Eid Sawah & Co,
i @ Place Azmé
B.P, 2308
Damascus
Tel: 16367, 19697, 14268
Cable: SAWAH Damascus
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TAIWAN
Hwa Sheng Electronic Co., Ltd.
P, 0. Box 1358
Room 404
Chia Hsin Bullging
No. 96 Chung Shan
Norih Road, Sec. 2
Taige|
Tek: 5558211
Cable: YICTRONIX Yzipal

TANZANIA

Intarnational Aeradio (E.A.), Lid.
P.Q. Box 861

Dar-es-salaam

A 1. Tibury Lid,

P.0. Box 2754

Suite 5172/518

Hotel Ambassadeur

Nairobi

Tel: 25670. 26803, 68206, 58196
Cable: ARJAYTEE Nalrobl

THAILAND

The Internaticnal
Englaeering Co., Ltd.

£.0.Bax 39

614 Sukhumvit Rozd

Hangkok

Tel: 810722

Cable: GYSOM Bangkok

Chalermmas

39 Praplihuck Road

Bangkok

Tel: 27508

Cable: CHALERMIMAS Bangkok

UGANDA

Internationsl Aeradls (E.A.), Ltd,
P.0. Box 2577

Kampala

Cahle: INTAERIO Kampala

R. }. Thbuey Lid,

£.0. Box 2754

Sulte 517/518

Hotel Ambassadeur

Nalrobj

Tel: 25670, 26803, 68206, 58196
Cable: ARJAYTEE Nalrohi

VIETNAM

Landls Brothers and Company,
Inc.

£.0. Box H-3

216 Hien-Yuong

Salgon

Tel: 20,805

Cable: LANBROCOMP Saigon

ZAMBIA

R. ). Tilbury (Zamblaj Ltd.
P,0. Box 2792

Lusaka

Zambia, Central Africa

FfOR AREAS NOT LISTED,

CONTACY:

Hewlett-Packard Expoct
tarketing

3200 Hillview Ave,

Palp Altg, California 94304

Tel: (415) 326-7000

TWX: 610-373:1267

Cable: HEWPACK Palo Alte

Telex: 034-8461
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TOTAL SERVICE--PROVIDED WITH
EVERY HEWLETT-PACKARD INSTRUMENT

For nearly three decades, users of measuring instrumenta-
tion have found that they can rely on the integrity of Hewlett-
Packard. This customer confidence has built Hewlett-Packard
into one of the world’s foremost manufacturers of electronic
and scientific measuring instruments.

Companies making sophisticated measuring instruments
have a special responsibility to their customers because of
the highly critical ways in which instruments of this kind
are often used. Whether the use is found in the maintenance
of internationa) communications, in the control Jaboratory of
a petroleun refinery, or in a hospital operating room, it is
essential that the equipment’s performance meet its advertised
specifications.

In recognition of this responsibility, Hewlett-Packard
firmly adheres to the philosophy that its obligation to you
as a customer does not end when your new instrument is
delivered. In purchasing an HP measuring instrument, you
are purchasing a way to do a job. You have the right to
expect that your instrument will continue to do this job
today, tomorrow, next week, and for a reasonable number
of months and years in the future.

Hewlett-Packard implements this philosophy in two ways:
(1) by initially making sure that it designs and builds for
HP customers the finest, most reliable instruments possible,
and (2) by backing up those instruments with 2 customer
service program which can respond with speed and com-
pleteness to HP customers’ needs.

This customer service program is one of the most im-
portant facets of Hewlett-Packard's worldwide operations.
Dicectly involved in jt 2t present are some 850 people located
throughour the company.
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... HP’s customer service begins during the in-
strument design phase. Service engineers in each
manufacturing division work closely with design
and manufacturing engineers to assure that every
instrument is as easily serviceable as possible.

... More than 100 HP field sales offices lo-
cated in North America and abroad provide rapid
and convenient service for Hewlett-Packard in-
struments. You need not correspond with a fac-
tory several thousand miles away for repair set-
vice, replacement parts, and technical assistance.

Backing up these local offices are regional
repair centers and major service centers with
extensive replacement parts inventories and
facilities for major overhauls and large calibra-
tion and repair operations. Serving HP's cus-
tomers are five repair centers and one service
center in the U. S. and Canada, and one service
center in Europe.

Listed below are the elements of Hewlett-Packard's
customer service program. The following pages briefly de-
scribe some of the benefits available to you as an HP
customer under each of these headings:

¢ THE HEWLETT-PACKARD WARRANTY

® PRE-SALE PRODUCT INFORMATION

o TECHNICAL PUBLICATIONS

¢ TECHNICAL TRAINING PROGRAMS

®» CUSTOMER SERVICE AGREEMENTS

e REPLACEMENT PARTS

» REPAIR SERVICE

» RECALIBRATION AND STANDARDS
CALIBRATION

Hewlett-Packard gears its entire operation to one goal—the satisfied customer.
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When you buy a Hewlett-Packard instrument, you can
count on receiving an instrument built with quality materials
and wockmanship. You c¢an be sure that this instrument will
perform as celiably and consistently as possible for a sophisti-
cated piece of equipment,

The Hewlett-Packard warcanty is an expression of confi-
dence in the ability of HP instruments to measure up to this
standard of performance.

The following warranty is the heart of an important and
enduring Hewlett-Packard aim—to satisfy you initially and
to keep you satisfied. It guarantees you an instrument which
will perform the way you expect it ta perform. It is backed by
nearly 30 years of experience in the manufacture of precision
measuring instruments;

Certification

The Hewless-Packard Company cestifies that this instyu-
ment was thoronghly tested and inspected and found to meet
its published specifications when it was shipped from the fac-
tory. The Hewlett-Packard Company further certifies that
its calibration measuvements ase traceable to the U.S. Na-
tional Buvean of Standards (o the extest allowed by the
Bureaw’s calibration facility.

Warranty and assistance

All Hewlett-Packard products are warranted against de-
fects in matevials and workmanship. This warvanty applies
for one year from the date of delivery, or, in the case of
certain major components listed i the operating manual, for
the specified period. We will repair or replace products which
prove to be defective during the warranty period provided
they are veturned to Hewlell-Packard. No other warranly is
expressed oy implied. We ave not liable for consequential
damages.

Service contracts or customer assistance agreements ave
available for Hewlett-Packard products that vequire mainte-
nance and repair on-site.

ﬁ *THE HEWLETT-PACKARD WARRANTY

- G

Ease of service is an Important consideration during
the various instrument design stages.
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Proguction hnas are designed to provide optimum
worker accuracy and efficiency.
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Every instrument manutfactured is subjected to a
thorough mechanical test.
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A complete electrical test is also made to ensure that
each instrument meets its published specifications.
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KModem packing procedures minimize gamage In

transit.




TECHNICAL
SUPPORTING INFORMATION

Hewlett-Packard offers a wealth of technical information
to help you select and use Hewlett-Packacd products.

Technical data sheets

For the greatest possible detail on any individual Hewlett-
Packard products, ask for the data sheet. Elaborate data is
there on performance, dimensions, capabilities, options, and
prices.

Application notes

From the Hewlett-Packard engineering laboratories which
originate the products, you may also have 2 wide variety of
technical information on using Hewlett-Packard products.
More than 80 such Application Notes are described in the
current Application Note Index. Ask your local Hewlett-
Packard field engineering office for a copy, or write Hewlett-
Packard Co., 1501 Page Mill Road, Palo Alto, California
94304.

New product information

From time to time through the year, recently-introduced
Hewlett-Packard products are described in summary in bro-
chures which will supplement the information in this catalog.
For a copy of the most recent issue, get in touch with your
{local Hewlett-Packard field engineering office ot write Hew-
lett-Packard Co., 1501 Page Mill Road, Palo Alto, California
94304.

Hewlett-Packard Travelabs

Touring exhibits of Hewlett-Packard products are brought
by bus, ship, and airplane to much of the world. Demonstrat-
ing equipment conveniently near you, these visits are sched-
uled by local Hewlett-Packard offices. The office nearest you
has details.

Participation in professional shows

Almost every day in the year Hewlett-Packard shows and
demonstrates equipment at a professional conference some-
where in the world. Often those who developed the products
on display are on hand to talk with you about uses and capa-
bifities.
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Sophisticated measuring instcumeants ace very often rather
intricate pieces of hardware. To take full advantage of the
capabilities of these instruments, users generally have to fa-
miliarize themselves with a considerable amount of bighly
technical information. The primary source of this informa-
tion for a particular instrument is the written matesjal sup-
plied by the manufacturer of that instrument.

Recognizing this responsibility, Hewlett-Packard devotes
unusual attention to developing and distributing to its cus-
tomers the most informative, readable, and generally useful
written material of any manufacturer of measuring instru-
mentation.

Operating and Service Manuals

Hewlett-Packard’s Operating and Service Manuals are
outstanding technical publications—logically organized,
well written, containing ample photographs, diagrams, and
illustrations, and compatible with several publications stand-
ards. Included in each manual are operating instructions,
maintenance and calibration information, and a table of ce-
placement parts.

A manual is supplied with cach new instrument. As 2
further service, extra manuals for a)l current Hewlett-Pack-
ard instruments, as well as for many older instruments, are
also available at reasonable cost.

Service Notes

This series of technical publications is intended primacily
as a vehicle for disseminating repair and maintenance in-
formation oo Hewlett-Packard instruments. Acting as a con-
venient means of updating customers’ Operating and Service
Manuals, Service Notes cover such topics as new or special
calibration techniques, instrument modifications, and special
cepair procedures—all written in a detailed maoner. Ask
your local field specialist for a capy of the Service Note Index
50 you can order those Service Notes of interest to you.

Bench Briets

This newsletter briefly describes new Service Notes and
other setvice publications as they become available. Servic-
ing tips and suggestions which may be helpful to you are
also included. Your local Hewlett-Packard field sales office
will be happy to place your name on the regular Bench Briefs
mailing list.

SERVICE PUBLICATIONS
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.
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TECHNICAL PUBLICATIONS fN
AND PERIODICALS i /

Each month engineers and scientists of the various Hew-
lett-Packard laboratories report new developments in elec-
tronic measutement in the Hewlett-Packard Journal.

To receive the publication, ask any Hewlett-Packacd field
office or weite: Editor, Hewlett-Packard Journal, 1501 Page
Mill Road, Palo Alto, California 94304.

Your local Hewlett-Packacd field office reports on its ac-
tivities and on nesw Hewlett-Packard products in Measure-
ment News, six times each year. A convenient card ac-
companies each issue, to request new ljterature, application
notes or other desiced information.

Ask your local Hewlett-Packard field office to place you on
the Measnrement News mailing list.

Analytical Advances is a quarterly journal of technical in-
formation on analytical measurement techniques, including
gas chromatography, atomic absorption photometry, and va-
por pressuce osmometry. Successor to Facts and Methods,
the new publication reports new findings from the Hewlett-
Packard chemical applications laboratories as well as new
engineering developments. Subscriptions are available for the
asking from any Hewlett-Packard field office, or write An-
alytival Advances, 1501 Page Mill Road, Palo Alto, Cali-
forniza 94304.

In Molecules and Microwaves, scientists of the Hewlett-
Packatd MRR (molecular rotational resonance) laboratory
repoct new developments and findings in microwave spec-
trometry. Molecules and Microtwaves is issued from time to
time, as findings emerge. To add your name to the sub-
scription list, get in touch with your local Hewlett-Packard
field office, oc write Malecrles and Microwaves, 1501 Page
Mill Roag, Palo Alto, California 94304.

Measurig for Medicine and the Life Sciences is a quarter-
ly publication of the Hewlett-Packard Waltham Division’s
biomedical technical staff. It regularly reports on actual field
practice in medicine and the life sciences, with techniques
and results of applying new measurement methods. To add e e e
your name to the subscription list, ask any Hewlett-Packard 3 N
field office, or write to Measnring for Medicine, 1501 Page 8 Con
Mill Road, Palo Alto, California 94304. o e . i

More than seventy Hewlett-Packatd Application Notes R g\ - - e
are available, Each covers a special aspect of measurement Ziv) -
in considerable depth. Copies are distributed only on request, . LT e g
which will gladly be received by any Hewleti-Packacd field e ka .
office, or may be sent to Inquiries Manager, Hewleit-Packacd ’ ) - I
Co., 1501 Page Mill Road, Palo Alto, California 94304. An
index of currently-available Hewlett-Packard Application
Nates is available from the same sources.
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CUSTOMER SERVICE AGREEMENTS @ /

Many Hewlett-Packard customers have found that an HP
Customer Service Agreement is the best way to optimize
their instrumentation maintenance expenditures. Each agree-
ment is shaped to best meet each individual customer’s needs
and at the same time, save him money.

HP Service Agreements offer a well-tested service pro-
gram that can reduce your costs by ensuring reliable opera-
tion, minimum downtime, and maximum useful life for
your instruments. For a fixed annual cost; you can let HP
assume all or part of your maintenance responsibilities.

Some of the services you may choose to include in your
agreement are: 1) regularly scheduled and documented cali-
bration and preventive maintenance; 2) a fixed number of
emergency repair service calls; 3) an unlimited number of
emergency repair service calls; 4) the replacement of any
worn or defective parts; 5) secvice to be performed at your
location or at HP facilities; 6) pick-up and delivery of your
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instruments; 7) the use of the HP standards lab for your
special requirements. This list by no means defines all of
the service options you may choose under an HP Service
Agreement to best meet your maintenance needs.

An additional benefit under most HP instrument Customer
Service Agreements is that new HP instrumentation you pur-
chase during the course of the Agreement may be included
under the Agreement at no additional charge.

Hewlett-Packard’s Customer Service Agreement program
is based on years of detajled maintenance information on
cach HP instrument. By taking advantage of this informa-
tion you can improve the usefulness and efficiency of each
of your instruments, and do it at a fair price. You may find,
as many other satisfied customers have, that a Hewlett-
Packard Customer Service Agreement is the best answer to
your maintenance needs.

Contact your local HP field office for more information.

Minimized downtime

\

Maximum equipment use

a

On-site service

Trained repair specialists

Detective parts replaced tree

/

R ) s, R

[
Standards lab calibratioj




SERVICES /ﬁ REPLACEMENT PARTS

Inventories

Prompt instrument maintenance, done either in your fa-
cility or by Hewlett-Packard, depends on the immediate
availability of replacement parts. For this reason, HP main-
tains extensive parts inventories at its field sales offices
in many locations. Thesc feld sales offices are backed up
by service centets, which maintain full factory level inven-
tories, including many parts for older HP instruments.

Parts Identification

As mentioned eaclier, every HP instrument manual has a
“Table of Replacement Parts’ to make it easy for you to
identify parts you wish to replace.

If you need further help in identifying replacement parts,
be sure to call your Hewlett-Packard field sales office, Each
office maintains extensive technical files to help identify
parts rapidly and furthec support is given each office by the
service centers which have complete microfiles including
many of the older products. This capability provides com-
plete information in a matter of seconds.

Delivery Time

When it comes to replacement parts, customers have a
right to expect product quality and fair value from their
supplier. From Hewlett-Packard, this is exactly what they
receive. Customers also have a right to expect fast delivery.
With its extensive distribution of field sales offices 2nd con-
venient local inventories, HP is uniquely qualified to provide
fast delivery.

Normally, a replacement part order received by a USA
field sales office will be filled and shipped the same day. Even
if the office does not have the part in stock, this speed is not
lost thanks to a computerized dataphone communications
system linking each field office and service center.

In the USA if a field sales office receives an order for a
part which it caanor supply, the order will be instantly re-
layed to a service center via the dataphone Jink. The order
is then filled and shipped directly to the customer by the
seérvice center.

Hewlett-Packard can in this way offer unusual speed in
the delivery of replacement parts,

AT LEAST 90%, OF THE ORDERS FOR RE-
PLACEMENT PARTS RECEIVED BY AN HP FIELD
SALES OFFICE WILL BE SHIPPED THE SAME
DAY — EITHER FROM THE SALES OFFICE IT-
SELF OR FROM A SERVICE CENTER.

g




A wide variety of instrument accessories are atways.
available for Hewlett-Packard Products.

Shown here is the modification kit for the Internal
light source of the model 196A oscilloscope camera,
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These itemns maks up a spare parts kit for the model
417A VRF detector.

y

Other Supplies

To addition to the usual replacement parts, Accessories and
Operating Swpplies are also in stock ready for immediate
delivery.

Modification Kits may also be ordered from your nearby
field sales office. Two publications from HP Customer Ser-
vice, “Service Notes” and "“Bench Briefs” (referred to earlier
under TECHNICAL PUBLICATIONS), keep you abreast
of modifcations which are available.

Several types of Spare Parts Kits are available to sustain
continuous operation from your HP instrumeats when they
are being used ip an isolated area, or where [oss of the
instrument’s use would be extremely critical. "Running
Spares” and “lsolated Service Kits” offer varying degrees
of completeness, and you can choose the kit that most nearly
satisfies your requirements.

Ordering Procedure

When ordering a replacement part or supply item, please
specify: (1) the HP stock number for the part, and (2) its
complete name as indicated in the "Table of Replacement
Parts”” in your Operating and Service Manual. Since the
characteristics of a given component may have been altered
in subsequent production changes, you should be sure to take
this information from the Operating and Service Manual you
originally received with the instrument.

As indicated above, your local field sales office can also
provide help in parts identification. If you do place an order
for a part without a stock number, please include the instru-
ment model number, its serial number, a complete descrip-
tion of the part, its function, and its location within the
instrament.

31
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Hewlett-Packard is always prepared to back its products
with the best possible repair service at a fair price.

To this end, most HP field sales offices throughout the
world have repair and maintenance groups. These offices are
backed by regional repair centers and service centers which
have complete maintenance facilities, sophisticated test equip-
ment, factory trained specialists, and 2 full iire of replace-
ment parts. You are thus able to deal with one local HP
sales office for all your instrumentation needs.

Service is always provided at a price which reflects a fair
value for the work actually done and is consistent with what

REPAIR SERVICE

customers reasonably expect to pay for the benefits received.
In addition to needed repairs, HP performs calibration, pre-
ventive maintenance, and both mechanical and efectrical in-
spection to ensure satistactory operation and a prolonged
life for your HP instruments,

HP also offers extensive overhaul services for older instru-
ments, These models can often be rebuiit to meet the specifi-
cations of the current production models. If a model is no
longer manufactured, an overhau] will restore the instrument
to its original usefulness.
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RECALIBRATION AND
STANDARDS CALIBRATION w

'
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e .
Recalibrations are performed by factory trained
technicians at ocal field service facilities

RF's tiying clocks are used Dy major worlc time
\ keeping centers to calibrate thelr time standerds. /
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To insure that an electronic instrument continues to per-
form reliably, its operation should be routinely verified from
time to time. Each Hewlett-Packard operating and Service
Manua) provides the information you need to recalibrate
instcuments in your own facility, Tf you prefer, the local HP
sales office will be happy to arrange your recalibration for
you.

In addition to this normal recalibration service, Hewlett-
Packard also offers a standards calibration service for a wide
variety of components, instcuments and systems,

A standacds calibration generally consists of obtaining the
necessary corrections to be applied so that an instrument can
be used with improved accuracy. In other cases, the standards
calibration report is evidence of compliance with require-
ments for traceability to the Nationa| Bureau of Standards,
importa,nc in government contracts,

The calibration report issued on every calibration gives
the measurement conditions, a brief description of the tech-
nique used, the measurement uncertainty, the statement of
traceability, and the actual test data, expressed in the most
useful form. HP’s standards capabilities cover almost all of
the usual electronic quantities, at frequencies from dec to 40
GHz. An instrument of any manufacture can be calibrated,
provided only that it is in good condition and shows the
requisite stability.

Most customer standards calibrations are done by the
Measurement Standards Laboratory at HP's headquarters in
Palo Alto, California. As a further service, however, many of
the HP field sales offices have been equipped with standards
calibration capabilities for selected types of measurements.

Contact your local Hewlett-Packard field sales office for
more information on the recalibration and standards calibra-
tion services available to you from HP.

»

The DC Room in HP's Pafo Alte Standards Laboratory has temperature controlled within £0.03°C,
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ANALYTICAL
INSTRUMENTATION

Long recognized 2s the foremost sup-
plier of electronic measuring instruments
for the engineer, Hewlett-Packard has
more receatly become an important
source of analytical instrumentation for
the chemist and research scientist.

Gas chromatographs

Easily the most popular instrament in
chemtcal laboratories around the world,
the gas chromatograph (GC) has had
a revolutionary effect on analytical chem-
istry because of its 2lmost universal ap-
plication, great speed and low cost.

Hewlert-Packard offers as complete 2
line of analytical and preparative gas
chromatographs as any manufacturer
anywhere in the world.

Analytical GC. Hewlett-Packard manu.
factures three basic types of analytical
GC's: Series 5750 “research’ instruments
incorporating all the state-of-the-art ad-
vances in design to permit the highest
possible level of performance for a great
variety of 2nalyses. Series 700 “labora-
rory” Instruments, modular in design,
available with only the basic equipment
that is required to perform a particular
class of analyses; and Series 402 "high-
efficiency” instruments whose primary
advantage is a large oven thar accom-
modates U-tube glass columns for the
analysis of sensitive materials. The
choice between these three types should
be based along functional fines.

Preparative GC. Automative prepara-
tive GC's are used to isolate components
of complex chemicals and collect them
as pure fractions. There is a choice of
two Hewlett-Packard instruments in this
category: Series 775/776 large-scale pre-
parative GC's that accommodate any size
column up o 4 inches OD; and the
Model 3795A preparative attachment for
converting analytical GC's to fully auto-
matic small-scale preparative work.

Spectrometers

The HP Model 5960A Atontic Abiorp-
tion (AA) Phoromeser is a {ast and ac-
curate way to detect the presence of
metallic elements in ppm and often ppb
concentrations. The $960A is fundamen-
tally faster and easier to use than other
AA instruments because it employs push-
button-selected resonant wavelength fl-
ters rather than the traditional mono-
chromator. It produces reliable six-ele-
ment analyses as fast as 60 seconds,
reading out the results directly in con-
centration. Because of its unique resonant
iine isolation and dual wavelength com-
pensation, it is capable of routine opera-
tion at the highest degree of repeatability.

The HP Sevies 8400B Microwave
Spectromelter provides a2 means of mea-
suring the total amount of information
(frequency, intensity and line widch)
available from gas-phase microwave
spectroscopy absorption lines. Research
scientists use this measurement to pro-
vide information in such areas as
molecule identification, molecular con-
centration, bond distance. bond angle,
molecular vibrational Jevels, barriers to
{nternal rocation, equilibrium constants,
molecular collision rates, and reaction
kinetics.

Specialized instruments

The Model 185 Carbon Hydrogen
Nirvogen Analyzer performs a complete
elemental analysis of organic materials
simultaneously and automatically in less
than 10 minutes,

In the few years since its introduction,
the 185 has already gained considerable
acceptance among microchemists. The
reason is its ability to perform, even
under difficult circumstances, elemental
analyses whose accuracy is well within
the accepted allowable error of 0367,
at a speed advantage of 4 to 8 times over
classica! methods. In addition to being
faster than the classical methods, the
Model 185 also requires a much smaller
laboratory investment because it enables
a technician with only a minimum of
microanalytical training and experience
to obtain reliable results under oormal
laboratory conditions.

The Model 2801 A Quartz Thermom-
erer is an eatirely novel temperature
measurement technique. It employs a
small quartz disc transducer that operates
within a protective probe housing as a
piezoelectric resonator for a sensor oscil-
lator. The resonant frequency of the
quartz crystal varies as the temperature
of the probe in such a mannec that the
frequency of the sensor oscillator ourput
signal is a linear function of temperature.
Probe temperature is displayed as a direct
digita) readout in “C or °F. A bed output
is also provided for input to computers
and other data handling systems.

The 2801A operates oves the range of
—80 to +250°C (—112 to +482°F)
with measurement resolution to 0.0001°.
It is equipped with two sensing probes
and can indicate the absolute temperature
of either probe oc the difference between
them.

Motlecular weight instruments

Hewlett-Packard offers the polymer
chemist a choice of three instrumeants to
help him make fast and accurate molec-

/@% INTRODUCTION

ular weight determinations of all sizes
of molecules: the Mode! 302B is 2 vapor
pressure osmometer for numbec-average
molecular weight determinations between
SO and 25,000; Series 500 Membrane
Osmometers provide the same type of
determination between 10,000 and 1,000,-
000; and the Model 5901B Auto-Viscom-
eter gives viscosity-average molecular
weight determinations and intrinsic vis-
cosity measurernents. At one time or an-
other, the polymer chemist needs the
kind of information chat each of these
Hewlett-Packard instruments is capable
of producing for him. He may even want
to make molecular weight measurements
according to the classical cryoscopic or
ebulliomerric methods. If so, he can sim-
plify his job by using the Mode! 280!
Quartz Thermometer, described earlier.
Once again, the choice between the vari-
ous types of Hewlett-Packard instru-
ments should be based on functional con-
siderations.

Data handling

The HP Model 3370A Integrator is an
electronic digital integrator thar auto-
matically provides accurate quantitation
of a GC analysis 2nd presents the results
on z built-in printer and, if desired, on
an optional 8-digit visual display. A
unique internal programming feature
gives the operator 2 choice of four push-
button-selected programs to optimize the
integration of different sample types and
peak shapes.

The HP Model 71274771284 Strip
Chart Recorderi are available with plug-
in modules for a variety of uses including
GC, osmometry, temperature and mul-
tiple-span measurements. They are com-
pact. solid-state recorders with 10-inch
calibrated charts, V4-second full-scale pen
speed and £0.29 calibrated accuracy.

Hewlett-Packard manufactures 2
broad line of other data handling instru-
ments wcluding digital computers, mag-
netic tape recorders. oscillographic re-
corders and X-Y recorders,

Accessories

Often the effectiveness and utility of
Hewlett-Packard instruments can be sig-
nificantly extended through the use of 2a
accessory that has beea specially engi-
neered for that purpose. The most im-
portant ones are described in the Analyti-
ca) Instrumenration section of this cata-
log. Complete information on these and
many other useful accessories is given in
the Columns and Accessories Catalog,
available on request.
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Automated, multiple-detector for top performance
57508 Series

/ I

. /

Series $750 Gas Chromatographs are automaced yet fully versanle
instruments whose performance is equal to the strictest research
requirements, They are a ‘top-of-the-line' instrument incorporating
improvements that are available in no other gas chromatograph.
Behind these improvements stand some qutet buc important advances
in the state-of-the-art thar have made gas chromatography an even
more useful tool than it was just 2 few years ago when the 5750's
predecessor was introduced. Parallel advances in design make the
5750 sull the most useful gas chromatograph around.

Specifications, Series 57508

Detectors

Flame jonization

Dual detector unit.

Isolated jet, operating potential 350 vdc.

Extendeqd linear operating range of over 10° with hydrocarbon
sample.

Sensiivity: 40 millicoulombs/gram of carbon with hydrocarbon
sample and oxygen as combustion gas.

Operating temp.: ambient to 500°C.

Volrage-stabilized power regulator.

Flame igniter standard.

Thermatl conductivity

Dual detector unit.

Operating temp.: ambient to 450°C.

Carrier gas: helium, 5-200 m!/minute.

High-sensitivity, spiral flow-thru tungsten-rhentum filament.

Noise: V4% at 150 ma, detector 350°C. isarthermal oven,
helium ¢arrier gas

Drift: =49 per hour at 150 ma, detector 350°C, isothermal
aven, helium carrier gas.

Power-proportioning temp. controller.

Relatively insensitive to fow changes.

“Detector protector’: carrier gas pressure reduction automatjc-
ally cuts off filament current.

Electron capture
Pulsed voltage: 5, 15, 50 and 150 microsecond jntervals.

Electron source:
(1) 200 millicuries tritium.
operating temp.: ambient 0 220°C £35°.
(2) 2 millicuries Ni®
operating temp.: ambient 1o 355°C £5°.
Integral overheat protection.
Carrier gas: argon-methane or helium with purge.
Purge gas: argon-methane.
Voltage-stabilized power regulator.
Parallel plate configuration.

Mlcro cross-section*
Electron source: 200 millicurtes tritium.
Operating temp.: ambient to 220°C *5°,
Oven
Temperacure range: ambient to $00°C with deteciors and injection
port at 100°C. 80°C is minimum oven temperature possible
with detectors and injection port at 275°C to 300°C.
Jsothermal gradients: =0.5% max. (measured in air).
Programmed gradients: = 1.09% ac 10°C per minute to 400°C
(measured in air).
Max. heating rate: 50° to 400°C in 10 minutes with 120 Vac
across the heaters and without ¢olumns.
Cooling rate: 400°C to $0°C in 8 minutes without columns,
Linear programmer: 10 rates from 17 to 60°C/minute.
Simultaneous installation of up to 3 detectors.
Capacity: up to 150 feet of 3 inch OD column and proportional
lengths of 1/16", U3” and 14” OD ¢olumas.
Power-proportioning temperature controller,
Automated programming cycle including cooling.
Installable accessories: injection splitter, efflvent splitter, heated
collection vent, gas sampling valve, backfiush valve.
T. C. bridge
Conrtinuous current adjustment and readout (0-300 ma).
Coarse and fine zero controls.
Attenuator for bridge output (12 positions to 1024).
Output polarity switch.
Separate outpur for electronic integrator.
Line-operated power supply.
Electromaeter
Single and dual-channel models.
{nput (each channel): dual flame ionization, single flame joniza-
tion, electron capture or micro cross-section detectors.
Sensitivity: 1.0 x 10™ A full scale output on a 1 mv. recorder at
range 1, attenuation 1.
Dynamic range: 100,000 to 1 on all range resistors.
Total linear range of 4.0 x 107" 10 10"%A.
Noise: 2.0 x 107" A peak to peak (czbles disconnected at the
electrometer) .
Drift: 55 /hr on most sensitive range (cables disconnected at
electrometer).
Coarse and fine zéro controls, with background suppression of
1.0 x 10° A on al] ranges.*
Separate input and output attenuation controls.
Line-operated power supply.
Output impedance: to recorder <1.28 kQ; to integrator = 11.5

k9.
How to order

5751B  Dual flame detector instrument with

single-channe] electrometer. £4200
5752B Dual thermal conductivity detector in-

strument with bridge. 3750
5753B  Electron capture detector instrument

with single-channel electrometer. 3800
5754B  Dual flame and dual thermal conduc-

tivity detector instcument with single-

channel electrometer and bridge. 5600
5755B  Dual flame and clectron capture (tri-

tium) detector instrumeat with dual-

channel electrometer, 5000
5756B  Dual flarne, dual thermal conductivity

and electron capture (tritium) detector
instrument with dual-channel electrom-
eter and bridge. 6700

“Additional suppresslon at 1.0 x 10-8 A possible, with some degradation ol
nolse and drift,

W GAS CHROMATOGRAPHY
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Designed specifically for the analysis of thermally sensi-
tive, polar and other hard-to-chromatograph materials, Series
402 High-Efficiency Gas Chromatographs incorporate a aum-
ber of unique instrument characteristics that minjmize or
eliminate the decomposition or absorption of unstable ma-
terials,

Performance

Even with the most sensitive materials—pesticides, ster-
oids, vitamins, organo metallics, polyfunctiona) industrial
organic chemicals—the 402 produces a chromatogram that
bears all the marks of a high-efhiciency instrument:

peak symnietry so fine that there is no trace of tailing ever
al picogram levels of detection;

colwmn efficiency so high (often exceeding 700 theoretical
plates per foot) that even the most difficult separations are
completed on as little as 12 feet of column;

elimination of component loss sa complete that steroids
give accurate quantitative response, even at the panogram
level;

sensitivity so high that picogram quantities of many ma-
tecials are detected without even extending the detector;

Specifications
Gas flow system
Facilities for handling four gases:

(1) Carrier gas: dual differentiai fow controflers and needle
valves; dual matched 3-inch rotameters sized for helium fow
range of 0-250 cc/min at 40 psig; drying tube.

(2) Hydrogen: dual needle valves: dual matched 3-inch rota-
meters sized for low range of 0-100 ¢c/min.

(3) Air: dual needle valves; dual matched 3-inch roiamerers sized
for flow range of 0-700 ¢c/min.

(4) Purge: needle valie, drying wube.

Colomn system

Dual on-column injection with removable flash heaters.

Dual columns, each 4 or 6-feer, glass U.shaped with 3 mm 1D
and 6 mm OD (longer glass columns of paper clip configura-
tion and metal columns may also be used).

Oven: stainless steel shell with double insulation 114” thick; two
low-mass heaters each 800 watts; two blowers; thermal fuse.
Effiuent spiitter (optional); annular splic design; made of glass
with Teflon® insert for min. sample contact with metal: infi-

nitely variable split ratio of approx. 1:1 t0 20:1.

Detectors

Dual flame ionizatlon (standard): low-mass design: minimum
sample contact with metal.

Twin flame: for independent aperation of both sides af the duai
flame detector.

Electron capture: choice of writium cell for operation up (o
220° =5°C and nickel cell for temperatures up 10 355° =5°C:
tritium cell has 200 millicuries source and nickel cell, 2 milli-
curies; pulsed voltage type with variable pulse interval of 5, 15.
50 and 150 microseconds; built-in overheat protection, tritium
cell of Teflon®* and-stainless steel: nickel cell made of ceramic
and swinless steels venring required; requires (pecific AEC
ficense,

Mlcro cross-section: 200 millicuries teittum source; dc voltage
type: no purge gas required; built-in overheat protection; made
of Teflont and stainless steel; no venting required below
150°C: requires specifc AEC licensc.

~ Dupont‘s cegistered trademark for flovrocarbon resin

HIGH EFFICIENCY GC

Multi-detector, dual U columns, all-glass system
Series 402

r _ ™\
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Electrometers
Sensitivity: 4.0 x 1077 A full scale on 1 mV recorder.
Linear dynamlc range: 4 x 107 101 x 10" A.
Background suppression: 10* A. supplied by batcery.
Input attenuation: 4 powers of 10,
Output attenuation: 8 multiples of 2.
Output for potentiometric recorders: 0-1 mV,

Temperature controls

Oven; power-propoctioning controller and linear programmer
with 12 rates from 0.5 to 30°C/min.; max. temp. of 400°C:
max, temperature gradienc of 2°C; max. heating time from
ambient to 400°C is 40 min., cooling from 400°C (o $50°C in
15 min.: program delay timer variable 0-20 mia.

Infectlon port: voltage-stabilized power regulator; max. temp. of
450°C.

Flarne detector: volrage-stabilized power regulator; max. temp.
of 425°C,

Auxillary detector: voltage-stabilized power regulator; max.
temp, of 225°C, or 360°C.

Readout: indicating pyrometer and five-position sclector switch,

How to order

402 Basic dua| flame ionization detec-
tor instrument with single-channel
electrometer, 115 V, 50 or 60 Hz

(specify) $4000.00
Options
01 Adds second celectrometer c¢hannel (for
alternate or simultaneous operation of twuo
ionization detector systems, or for indepen-
dent operation of both sides of a duai flame
detector) 825.00
02 Adds detector 2nd all necessary hardware
for electron capture (tritium foil) detec-
tion 650.00
03 Same as Option 02 except that detector con-
tains 2 high-temperature Nit® foil 1000.00
04 Two-way effluent splitter 95.00
21 230 V, 50 Hz operation 100.00
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Low-cost modular dual-column GC
Series 700

Series 700

The basic Series 700 unit is an isothermal gas chromatograph
with a flexible two-column design that permits single column,
series or parallel two-column operation as well as dual column
compensation. The 700 is also capable of manual temperature
programming and high-temperature operation, with independent
control of injection port, detector, and oven to 400°C. Injection
can be either directly onto the column or into a flash vaporizer.
All Series 700 oven modules are equipped with a voltage-sta-
bilized power regulator, An adapter plate and switch permit
bypassing the standard power regulator and allows the plug-in
use of either a Model 220 Temperature Controller or a Model
240 Temperature Programmer for oven control. Except for
Model 700-00, all Series 700 instruments are equipped with
flow controllers.

Series 700 specifications

Detectors
Four interchangeable detectors:
(1) Thermal conduativity:
dual detector
four-wire hot filament type, 300 mA range
W or WX filament standard

{2) Flame ionization:
dual detector
low-mass design on cast aluminum base
manual flame igniter
(3) Electron capture (tritium or N*)
pulsed voltage type with variable interval of s, 10,
50 and 150 microseconds
200 millicuries tritium or 2 millicuries of N source
with integral overheat protection
no venting required below 150°C
specific AEC license required

(4) Micro cross-section:
DC voltage type
200 millicuries tritium source with integral overheat
protection
no venting required below 150°C
specific AEC license required

T. C. bridge
Continuous current adjustment and readout
Coarse and fine zero adjustment
Attenuator (12 positions to 1024)
Output polarity switch

Power regquiremeants:
for W filaments—15 V dc, 300 mA
for WX filaments—30 V dc¢, 300 mA

Electrometer

GAS CHROMATOGRAPHY

fnput: HP dual Aame ifonization, electron capture or micro

cross-section detectors,
Sensitivity: 1x 10-11 A full scale.
Linearity: ==1.59; full scale over entire range.
Time constant: less than 1 second at full sensitivity.
Noaise: less than 10-13 A,
Drift: less than 1% full scale per hour.
Live zero and background suppression,

Power requirements: self-powered from integral 13
tery supply: no ac.

How to order

700-00 Dual thermal conductivity detector

(TC) instrumeat.

700-0009F Dual TC instrument with power supply
and dual flow controllers.

700-0119F Dual TC instrument with power sup-
ply, dual flow controllers and propor-
tioning oven temperature controller.

700-2419F Dual TC instrument, with WX fila-
ments, power supply, dual flow con-
trollers and proportioning detector tem-
perature controller.

700-021  Dual TC instrument with power sup-
plv, dual flow controliers and linear
programmer

700-231 Dual TC instrument with WX fila-

ments, power supply, dual flow con-
trollers, proportioning detector tem-

5 V bat-

$1200.00

1600.00

2025.00

1850.00

2300.00

perature controller and linear programmer 2550.00

700-1099F Dual flame ionization detector (FI) in-
strumnent with dual flow concrollers.
700-1199F Dual FI inscrument with dual flow con-
trollers and proportioning oven tem-
perature controller.
Dual Fl inscrument with dual flow con-
trollers and linear programmer.
700-3099F Electron capture detector (EC) instru-
ment with dual flow controllers. Option
04 for N* Electron Capture Detector,
add $27s.
700-3199F EC instrument with dual flow control-
trollers and proportioning oven tem-
perature controller. Oprion 04 for N*
Electron Capture Detector, add §275.
700-4099F Micro cross-section decector (MCS) in-
strument with dual flow controllers.
700-4199F MCS instrument with dual flow con-
troller and proportioning ovea tem-
perature controller.
MCS instrument with dual flow con-
trollers and linear cemperature pro-
Rrammer.

700-12

700-42

1900.00

2350.00

2600.00

$2050.00

2500.00

1850.00

2300.00

2600.00
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.. Model 775
W3 Automatic
PREP GC

. S/

An all-purpose preparative gas chromatograph, the Model
775 accommodates with equal ease, both the “long-narrow”
columns of 33, ¥4 or ¥ inch OD and the aew “short-wide”
columns of 214 and 4 inches OD, Because of this unique capa-
bility, it is equally capable of making high-capacity, high-reso-
lution 2nd trace component separations.

Specifications, Mode$ 775
Injection system

Sample reservoir: pressurized; can be filled, emptied and
flushed without removing from iastrumeat: 300 mli ca-
pacity standard, optional 1000 and 2250 mi available.

Prep infection: three types provided.

1. Septum-port for manual syringe.

2. Auto-injector for automatic injection adjustable ¥4 to
12 ml.

3. Timed system for automatic injection adjustable 0 to
125 ml.

Column system

Oven: 12 in, wide by 614 in. deep by 53 in. high; accommo-
dates up to 400 feet of ¥4-in. OD column, or up to 80
inches of 4-in. OD; also accepts proportionate length of
Y4, ¥ and 215-in. OD column.

Thermal conductivity detector: (standard)-four-filament
type with high-capacity design (no splitting required);
integral power supply and bridge controls.

Collection system

Component selector: automatically selects for collection up
to six components in a sample containing up to 17 com:
ponents.

Manifold: seven positions; heated up to the trap, to prevent
condensation; check valves prevene diffusion; plugs pro-
vide access for cleanout.

Bath: accommodates up to seven 50 mf traps; adjustable and
removable; optional refrigeration unit and bath for cool-
ing down to —15°C.

Traps: seven 50 ml] glass spiral traps standard; optional
50 ml glass thermal gradient, 10 m! and 2 ml glass traps
and ) liter stainless steel traps also available.

Complete instrument

Model 775 Automatic Preparative GC with ther-
mal conductivity detector, one 300 ml
sample reservoir, seven 50 ml glass
spiral traps, 48” of 14” OD stainless
steel column, 80" of 34” OD stainless
steel column and ElectroniK 18 re-

corder. $11,000.00

AUTOMATIC AND MANUAL PREP GC
Models 775 and 776

The Model 776 Preparative Gas Chromatograph offers an
economical alternative to the Model 775, with the same true
prep-scale capacity but without the automatic features. It ac-
cepts any prep column between % and 4” OD, handles up to
125 ml/iajection, with a demonstrated collection efficiency of
90-98% at purity levels approaching 100%. The 776 aiso has
an integral analytical gc capability.

Model 776 Specifications
Golumns

Preparative: accepts up to 80 inches of 4”7 OD; proportionate
lengths of 14”, 3%, ¥%” and 214" OD.
Analytical; 14” OD.

Deatector

Unique flame ionization detector desiga avoids back flow of flame
£as. permits nitrogen as carrier gas.
Integral electrometer.
Temgperature controt

Controllers: independent indication and contsol of injection port
and manifold to 350°C, and column oven to 300°C.

Safety Hmit contraller: hi-limit oven temperature cut-off pre-
vents accidental overheating of columns; interfock prevents
operation of column oven heater without fan.

Sample injection

Semi-automatic: gas-operated injector for 1.00 to 125 ml in-
jections.

Manuai: seprum cype.

Vapaorizer: high-capacity heat sink supplies 664 calories per °C
temperature drop for sample vaporization.

Sample reservoir: 75 ml pressurized reservoir.

Sample collection

Traps: five 50 ml glass traps and cooling bath; manually selected
bypass.
Recorder
Optional strip chart recorder.
Flow measurement
Rotameter: for continuous indication of catrier ges flows; needle
valves for control.
Manometer: for measurement of detector gas flows.

Complete instroment

Model 776 Manual Preparative GC with Flame loniza-
tion Detector, including 75 ml sample res-
ervoir, five 50 ml glass spiral traps and cool-
ing bzth, 80” of 34" OD stainless steel prep
column, and 48" of Y4 OD stainless steel

analyticzl column. $3,300.00
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PREP GC ATTACHMENT

Automatic prep accessory for analytical GC
Model 5795A

The Model 5795A Preparative Attachment automates an-
alytical gas chromatographs for reliable small-scale prepara-
tive work. Easily installed in less than an hour, the 5795A
converts an analytical GC to fully automatic preparative work
without interfering in any way with the instrument’s ability
to pecform as an anlytical GC. The 5795 A offers the chroma-
tographer an unusually economical avenue to reliable auto-
matic preparative GC because it does not involve a wasteful
duplication of the basic gas chromatograph, It also intro-
duces mechanical simplicity and advanced electronic circuitey
to small-scale prep GC instrument design and so eliminates
the uncertainty and unreliability that have plagued previously
designed instruments. The 5795A can be installed on any
H-P Series 5750 and 810 Gas Chromatographs. It can be
readily adapted to other H-P Gas Chromatographs 2and most
competitive instruments,

Three modes of operation

In the antomatic mode, the 5795A performs continuous
cycles of sample injection and fraction collection until
stopped by the operator. It can be used with temperature-
programmed instcuments capable of automatic re-equilibra-
tion and with isothermally-operated GC's.

The semi-antomatic mode provides a single cycle of auto-
matic sample injection and fraction collection. It can be used
for “scouting” runs, and in temperature-programmed runs
with instruments that cannot re-equilibrate automatically,

Mannal operation can also be used for “scouting™ runs, or
when the operator wants to cut the peaks at his discretion.

Three compact components

The 5795 A programs, actuates and controls repeated cycles
of sample injection and sample collection until stopped by
the operator. To perform these operations automatically, it
employs theee compact units.

The control nnit permits setting the operating mode and
trap program. It programs the peaks to be collected, those to
be bypassed and the recorder signal level at which pezks are
cut. The unit also counts the peaks, signals the end of a cycle,
and starts a preset delay period before the next avtomatic
injection.

The injection nnit meters the desired sample volume and
performs a true “'slug™ injection into the analytical GC. lts
unique action provides a short blast of carier gas a few milli-
seconds after the sample injection to purge the unit of sam-
ple, eliminating dribble and consequent ghost peaks.

The collection unir dicects the effluent from the analytical
GC to one of six collection traps or to a bypass trap. A
12-position collection valve, programmed by the control
unit, establishes 2 flow path for the column effluent through
a manifold to the appropriate trap thus preventing flow to
all other traps.

Advanced design features
True slug-injection, achieved by a unique control logic for
the 5795A’s metering pump, eliminates band spreading dur-
ing the injection.
Pressnvized sample reservoir eliminates the possibility of
vapor lock in the injection mechanism and maintains uni.
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form sample composition by preventing volatilization of
low-boiling sample components.

Positive displacement pump for sample injection provides
injection repeatability of better thaa +5¢ or 5 pl. Its
carrier gas-operated floating piston design introduces a new
standard of reliability for unattended operation.

Easy, thorongh cleaning prevents sample contamination;
all liquid-contact surfaces (stainless steel and Teflon) in the
injection mechanism can be cleaned-in-place with sofvent
and then purged dry with carrier gas.

Simplified collection manifod has no moving parts yet
positively prevents cross-contamination from trap to trap.

Snap-action collection valve changes trap connections in-
stantly, thus permitting complete collection of desired sample
components. The valve is located down-stceam of the traps
where it operates at lower temperature to optimize reliability.

Solid-state contvol circuitry increases teliability and mini-
mizes matintenance, Aa electronic commutator eliminates
stepping switches in the control circuit, for example, and a
power interrupt system prevents automatic startup after
power failure to avoid contamination of previously collected
fractions.

Performance

Without discounting the importance of good instrument
design and convenience features, no automatic preparative
gas chromatograph is really worth its purchase price unless
it excels in two performance categories: (1) reliable automa-
tion, ie., it does its job unattended not only during the
working day, but ovemight and weekends when there’s no
one around to supervise it; (2) purity of collection, i.c., it
collects the separated components without contaminating
them with adjacent components because of faults in the in-
Jection or collection system. A series of tests has proved that
the 5795A excels with regard to both of these performance
criteria.
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Automatic prep accessary for analytical GC
Model 5795A

Specifications
Control unit

Operation modes: four-position switch for selection of de-
sired mode:

1. automatic—continuous recycling with automatic injec-
tion and collection

2. semi-automatic—automatic injection and collection for
a single cycle

3. manual—pushbutton-actuated injection and operation
of collection valve

4. standby—used during setup

Trap program: twenty 3-position slide switches plus a 2-posi-
tion Last Peak switch; permit automatic collection of any
number of peaks up to a maximum of 6, in a sample that
contains up to 20 (as sensed by peak level sensor), auto-
martically bypassing all others.

Peak level selector: sets peak height at which trap program
operates; receives signal from retransmitting potentiometer
in chromatograph recorder; adjustable 0 to 1009% of re-
corder full scale,

Pre-injection time delay: 0 (0 40 minutes in 2-minute steps.

Manifold temperature control: continuously adjustable from
ambient to 300°C

Power interrupt system: prevents automatic startup after
power failure to avoid contamination of previously col-
lected fractions

Dimensions: 634 high, 16%” wide, 183" in. deep

tnjection unit

Type: positive-displacement pump, carrier-gas operated

Sample reservoir: stainless steel, pressurized with carrier gas;
30 ml capacity standard, 75 ml optional; can be filed,
emptied and flushed withont removing

Injectlon volume: continuously adjustable from 20 zl to }
ml by mjcrometer volume selection

Injection volume repeatability: better than +59% or 5 pl

Sample contact surfaces: stainless steel, Teflon

Operating pressure: 50-75 psig carrier gas pressure

Mounting: main assembly (metering pump) mounts on gas
chromatograph oven; injection assembly on chromato-
graph injection porc by means of adaptor (provided)

Dimensions: main assembly—8'4” h, 37%” w, 10} d

injection assembly—214” high by 33" wide by 314”7 deep
(not including needle)

Collection unit

Manifold: heated by two 40-watt cartridge ¢lements to pre-
vent condensation; engineered restrictions prevent diffu-
sion; dial thermometer indicaces temperature

Coliection valve: fast-acting, solenoid-operated valve with
positive detents at each of 12 positions; located down-
stream of traps; automatically synchronized during auro-
matic and semi-automatic operation; position indicator and
manual advance

Traps: seven trap positions; all traps seal automatically when
pushed in position; 2, 5 and JO-ml traps available

Bath: adjustable and removable

Mounting: adaptor connects to exit port of gas chromato-
graph; mounting Jegs adjust to required height

Dimensions: 1514 high, 16” wide, 9% deep

Power reguirements

Power: 117 V ac, 60 Hz, 5 A (switch for 220 V ac)

Carrier gas: supplied to Injection Unit at 50 psig minimum,
75 psig maximum

Trap cooling: ice, dry ice/acetone, etc, depends on application

Chromatograph requirements
Detectors: thermal conductivity, or flame ionization detec-
tor with 10; 1 effluent splitter and heated collection vent
Recorder: requires retransmitting potentiometer, 0-5K ohms
Ordering How to order
No. Description Price
Complete attachment
5795A.  Preparative Attachment for analyrical $2900.00
gas chromatographs consisting of : Injec-
tion Module with 30-m! sample reservoir,
Collection Module with seven conical
traps (5 ml) and Control Module (spec-
tfy one option from Group A and one
from Group B)

GROUP A
Opt. 06 For use with Series 7620 GC's n/c
Opt. 07 For use with Series 5750 and 810 GC's n/c
Opt. 08 For use with Series 700 GC's ........ add 110.00
Opt. 09  For vse with Model 720 GC’s ..... ... add 110.00
GROUP B
Opt. 11 Retransmitting potentiometer for HP
Recorders ... L ool add  50.00
Opt. 12 Retransmitting potentiometer for Honey-
well Recorders ............. ... . ... add 225.00
ADDITIONAL OPTIONS
Opt. 04 50 Hz operation n/c
Opr. 15 Substitute 75-mil sample reservoir ....add  7.00
Opt. 21 Substitute sec of seven (7) spiral traps add  70.00
Opt. 22 Substitute set of 7 vigreux traps ...... add 28.00

Individual units
5796A  Injection Unit with standard 30-ml reser-  $900.00
voir; adapted for use with 7620, 5750,
810, 720 and 700 GC'’s

Opt. 15 Substitute 75-ml sample reservoir ... .add  7.00
5797A  Collection Unit (specify one option from  900.00
Group A)
GROUP A
Opt. 06 For use with Series 7620 GC's n/c
Opt. 07 For use with Secies 5750 and 810 GC's n/c
Opt. 08 For use with Series 700 GC's ..... ... add  90.00
Opt. 09 For use with Model 720 GC's ... .....add 90.00

Additional Options
Opt. 20 Cable with pushbutton for manual in-

dexing of collection valve and for sup-

plying power to manifold heater . .. ... add 35.00
Opt. 21 Substitute set of seven spiral teaps ... .add 70.00
Opt. 22 Substitute set of seven vigreux traps ..add 28.00
5798A  Control Unit (specify one option from 1300.00

Group A)
Opt. 04 350 Hz operation n/c
Opt. 06 For use with Series 7620 GC’s n/c
Opt. 07 For use with Series 5750 and 810 GC's n/c
Opt. 08 For use with Series 700 and 720 GC's n/c
Accessories
19150A  30-ml sample reservoir $ 40.00
19151A  75-m! sample reservoir 47.00
19152A  5-ml conical uap 13.00
19153A  2-ml vigreux trap 17.00
19154A  10-ml spira! trap 23.00
1915SA  Retransmitting porentiometer for HP 50.00
Recordess

19156A  Retransmitting potentiometer for Honey-  225.00
well Recorders

19157A  Cable for manual switching (for use with 35.00
Collection Unit) ’

19158A  Heated collection line for connecting 90.00
Collection Unit to Series 700 GC's
19159A  Heated collection line for connecting 90.00

Collection Unit to Model 720 GC's



GC STRIP CHART RECORDER

For top performance in gas chromatographs
Models H10-7127A, H10-712BA

GAS CHROMATOGRAPHY
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H10-7128A

Compact solid-state instruments with a 10-inch calibrated
chart and one or two pens, these strip chact recorders are
specifically designed for use with gas chromatographs. To
insure accurate recording of the chromatogram, they incor-
porate plug-in input modules whose low-pass flter rejects
power line frequencies and the differential noise that 1s
commonly associated with ge detector output.

The Model H10-7127A has one and the H10-7128A has
two servo-actuated pens and input modules, All input
modules are equipped with a detector selector switch that
allows the operator to choose either of two gc detector sig-
nals for recording. Both models have a ) mV full-scale span
for each pen; input can be floated up to 500 V above ground
with high common mode rejection; zero can be positioned
over full span oc suppressed up to 1009 of full scale.

Standard features:
One or two servo pens
Detector setecior for each pen
One-half second full-scale pen speed
Four chart speeds
Three-position chart table
Optional features:
Disc integrator
50 Hz operation
Fully adjustable limit switches
Event markers
Specifications
Sensiivity: 1 mV full scale.
Response time: 0.5 second max. full scale (0.6 sec. max.
50 Hz2),
Accuracy: -£0.29; of full scale.
Linearity terminal based: 0.1 9, of full scale.
Dead band: 0.19, of full scale.
Pen: capillary type.

Zero: right side.

Chart: 10-inch calibrated width, 120 feet long.

Chart speeds: 17, 1/5 1 and 2 inches per minute.

Interference rejection: 120 dB d¢ common mode; 100 dB
line frequency common mode.

Source impedance: up to 5 kO without effect on performance.

Radio frequency interference: meets MIL-I-6181D.

Power: [15 or 230 V =109, 60 Hz, 42 va for Model
H10-7127A, 65 va for Mode) H10-7128A.

Dimensions: 16% in. long, 8-11/16 1. high, 7Y} in. deep.

Weight: Model H10-7127A, 25 Ibs net; 32 Ibs shipping.
Model H10-7128A, 30 Ibs net, 38 Ibs shipping.

Accessories sugplied: 4 red and 4 blue ink cartridges, balanc-
ing pot lubricant and cleaner, ink system cieaner, extra
pen for each channel, rear input mating connector, pen
cleaning wire, one roll of paper. power cord, instruction
manual.

Prices: (basic frame plus input module for each channel).

Single channel, Model H10-7127A $1100
Dual channel. Mode) H10-7128A 1650
OPTIQNS (lactory-Instaifed al tims of purchase)

01 High-low limit switches on Madel H10-7127A, and | § 60.00
channel one only on Model H10-71284,

03 115 or 230 V, 50 Hz operstion. N/C

07 Dis¢ integratoc {channel two only on Mods! 685.00
H10-7128A).

09 High-low limik switches on channel two of 50.00
Model H10-7128A.

10 High-low limit switches on both channels of 100.00
Model H10-7128A.

12 Mounted in cabinet compatible with H-P gas 100.00*
chromatographs,

“No ¢harge when orderad with Serles 402 or 5750 \nstruments.
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Gas Sampling Valve

50B Automatic Attenuater

80 Pyrolyzer

.

${-4 Solid Sample Injector

The Solid Sample Injector is ideally suited foc introduc-
ing exact weights of solid or viscous materials into a gas
chromatograph and is adaptable to most makes of chromato-
graphs. It employs a glass melting point capillary to hold
and inject sample, Stainless steel, 1 b SI-4, Solid Sample
Injector basic price: $150.

80 Pyrolyzer

The Pyrolyzer extends the scope of GC by decomposing
nonvolatile samples semiautomatically and is useful in ana-
lyzing large polyfunctional molecules. Suitable for direct
connection to HP instruments, these pyrolyzers can be
adapted to most other GC makes. 115/220 V, 60 Hz (50 Hz,
optional), 16 lbs. 80 Pycolyzer basic price, including adapt-
ers: $400.00.

60 Backflush Valve

The Backflush Valve reverses direction of carrier gas
through the column with the twist of a knob. This rapidly
clears the column of unwanted components jn an analysis;
e.g., natural gas analysis, whece only low-boilers ace of im-
portance. The valve has an integral heater and a replaceable
teflon rotor with compression adjustment for leakfree opera-
tion up to 225°C and 50 psig. For proper operation the
heater requires an auxiliary controller. For prices and order-
ing information, see table.

ACCESSORIES
Extend usefulness, versatility of GC's
Models S|-4, 80, 60, 508, 130354, 19034A

For Instrument
motols Deserlption Part No. Prise
Series 700 Back(lush valve, with temp 60C 3465
controller and pyrometer
resdovt
Series 810 Backfiush valve only 60D $225
Series 5750 | Backflush valve only 19030A $350
Seriss 810 or | Temp controller with py- 19045A $225
Series 5750 rometer readout

50B Automatic Attenuator

Regardless of input signal intensity, the Automatic At-
tenuator holds 2ll peaks on the recorder chart. Eleven posi-
tions of binary artenuation factors from 1 through 1024 to
infinity are available. The unit attenuates the signal each time
the peak approaches 959 of chart width, and scales down
each time the peak falls below 35% of width. All peaks are
clearly identifiable, Quantitative data are readily calculated
by the usual peak height or area method. 50B Automatic
Attenuator basic price: $350.00 (limit switches to adapt for
the various makes of recorders are optional).

19035A Sample Injection Splitter

Specially designed for use with small-diameter, Jowflow
GC columns the Sample Injection Splittec (not shown) at-
taches directly to the injection port and provides a variable
split ratio to give proper volume of sample injection on these
columns. Includes integral heater to keep the system at in-
jection port temperatures. Careful splitter design minimizes
the ghosting, nonlinear, and fractionation difficulties often
encountered in splitter systems, (For use with Series 5750
Gas Chromatographs only,) 19035A Sample Injection
Splitter price: $100.00.

19034A Effluent Splitter

Effluent splitters ace for simultaneous operation of two or
three detector systems in gas chromatogeaphy. They also can
be used to divert portions of effluent in a flame or electron
capture GC system (which are destructive to samples) to an
analytical collection system, For use with Series 810 and
5750 Gas Chromatographs, the 19034A Effluent Splitter
converts to either three.way splits (for the Series 5750) or
two-way splits (for both series). It comes complete with 2
set of interchangeable splitters for fixed ratios in all com-
binations possible with 1:5:10 splits (e.g., 1:5:5, 1:10:5,
1:1:1). All mounting hardwate is included for connection
to 14" outlets. Price: §175.

19055A Total Collection System

For teapping components of 2 mixture as they elute from
an analytical instrument, the total collection systemy (not
shown) traps both carrier gas and component as desired.
The system consists of a 300 ml glass flask, a manifold
ncedle valve and a soap-film flowmeter. Useful for small-
scale collections needed in further analytical work. Requires
adapters for specific instruments. 19055A Total Collection
System, basic price without adapters: $120.



GC DIGITAL INTEGRATOR

Features pushbutton-selected internal programs
Model 3370A

The Model 3370A Integrator provides accurate, unattended
quantitation of a gas chromatograph (GC) analysis. It oper-
ates according to 2 pre-set program that enables its internal
logic to detect the beginning, apex and end of a chromato-
graphic peak; to distinguish noise and reject it; 2nd to pro-
vide baseline corzection when desired.

The 3370A incorporates important new features that make
it easier to use and increase its performance level beyond the
state-of -the-art.

Selectable internal programs

The 3370A's unique programming feature aliows the chrom-
atographer a choice of four pushburron-selected sets of analysis
parameters.

For the research laboratory, this feature permits selecting
precisely the correct program for different sections of a chroma-
togram, and even changing the program at will in order to
optimize the integration of different parts of the chromatogram.

For the control laberatory, selectable programs make it pos-
sible to optimize the aralysis parameters for each kind of
sample, while reducing set-up and integration procedures to
simple 1-2-3-4 insiructions for technician operators.

One of four pushbuttons is used to activate the desited pro-
gram. The Mannal Program pushbutton selects a series of ad-
justments Jocated on 2 swingdown panel. Because each of the
analysis parameters is easily changed during a run, this mode
of operation is ideal for trial runs and one-of-a-kind analyses.
In addition to a control for each of the important analysis

GAS CHROMATOGRAPHY

parameters, the swingdown panel also contzins a number of
drawings which greatly facilitate the use of the controls by
graphically showing how each affects the integration.

The theee other pushbuttons activate one of three programs
contained on 2 printed circuit board that plugs into the back
of the 3370A. Bach program is completely changeable by
moving plug-in ¢ircuit pins to various positions on the board
which correspond to the analysis parameter settings on the
swingdown panel.

Additional boards can be pre-set and plugged into the 3370A
when desired, thus giving it literally an unlimited choice of
pushbutton-selected programs to meet changing requirements.

Slope sensitivity controls

When using an integrator that has a single slope control, the
chromatographer is forced to compromise the accuracy of jn-
tegration whenever the zp slope of a peak differs from the Zown
slope. With the 3370A, separate #p and down slope sensitivity
coatrols let the chromatographer optimize the integration of all
tailing, overloaded and other imperfectly shaped peaks.

Coded event markers

Coded, supecimposed event markers graphically establish the
precise relationship of all integrator functions to the recorded
chromatogram. The 3370A employs five types of coded mark-
ers that positively identily (1) when the analysis starts, (2)
when integration starts, (3) when integration stops, (4) when
area count is printed and (5) when baseline is reset,
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Features pushbutton-selected internal pragrams
Model 3370A

Built-in printer

The 3370A has a buile-in printer that prints out the area
count to a tocal of 10°, expressing it to the fourth significant
digit, with 2 floating point notation (data multiplier). It also
prints and continuously indicates time to four digits. selectable
as hundredrhs of minutes or seconds.

Calibrated controls

The 3370A controls are calibrated in rea) terms: mv/min
for slope sensitivity, min for baseline reset delay, etc. Signifi-
cance to the chromatographer is two-fold: he can precalcnlase
the exact settings by making measurements on a sample
chromatogram znd pre-set them precisely in ceal cerms on the
3370A controls.

Top performance specifications

In all three of the most important measures of performance
for electronic integratars, the 3370A sets new standards: pre-
cision of %0.05% (vs. =0.19, state-of-the-art); linearity of
F0.1% (vs. =0.259); dynamic range of 1,000,000:1 (vs.
200,000:1).

Specifications

Range

Voltage range: 0-1 V.
Linear dynamic range: >10°.
Resolution: 1 uV-sec,

Performance ratings

Area repeatability: +[.05% of reading £ 1 uV-se¢ per sec of
peak duration T baseline drift error].

Area accuracy: = [.1% of reading + 1 aV-se¢ per sec of peak
duration = baseline drift error) (only includes area between
s1art integrate command and print area command) .

Recorder presentation accuracy: = 59 of setting.

Accuracy of controls: (slope seasitivity, peak summation and
rear shoulder) £109 of setring.

Baseline drift: <1 «V/min.

Input characteristics

Input terminals: 4 pairs of input terminals selectable remotely
or from front swing-out panel; input can be floated or
grounded.

Input impedance: > 10 M.

lnput overload: input overload automatically detected and
printed.

Minimum area count: 1 uV-sec.

Maximum area count (single peak): 10° uV-sec.

Maximum area count (analysis): 10° xV-sec.

Qutput characteristics

Recorder autput: 2 recorder outputs (1 mV and 1 V) isolated
from input, are available on cear panel; full-scale recorder out-
put corresponds to 3370A input voltage equal to recorder
presentation setting; event mackers are coded and superimposed
upon recorder ovuput.

Printer autput:
Area: 4 most significant digits and data multiplier (flozting
poial notation).
Time: 4 digits of time selectable as hundredths of minutes or
seconds.
Rate: 2 peaks/sec maximum.

BCD output: all information printed is simultancously available
in binary coded decimal form (1-2-4-8, 1" srate positive).
Voltage to frequency output: V to F output provided for visuak
display of integration.
Programming
Internal programming: front pane! pushbuttons select | of 3
sets of 8 programmed analysis parameters.

Remote programming: a{l front panel controls (except re-
corder) can be remotely controlled by clectrical contact closure.

General

Operating temperature: instrument will operate within specifica-
tions from 10°C to 50°C.

Storage temperature: —40°C ro +75°C.

Power: 115V or 230 V *£10%, 50 Hz 10 60 Hz, <40 W.

Welght: net 40 Ibs (18,2 kg): shipping 50 1bs (22,8 kg).

Dimenslons: 16%” (42.5 ¢m) wide by 5742” (13.3 ¢m) high
by 1834” (46.7 cm) decp.

Accessorles furnished: rack mouating kic

How to order

Ordering
No. General Description Price
3370A  Electronic Digital Incegrator with interaal 35000

programming and buili-in printer; for opera-
tion at 115 or 230 V, 50 or 60 Hz

OPTIONS
o1= Visval display consisting of 8-digit nixie 700
tube readout of area count in separate hous-
ing {see photagmph)
02 Total area accurnutater (for printout of ac- 300
cumulated count and time at ead of rua)

*Can also be ordered separaiely as Model No. 18990A: price is
$700.

18990A Visual Display
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Simultaneous microdetermination of C, H and N
Model 185

\ . e 185' /

The classical Pregl and Dumas methods for the microdetermina-
ton of carbon, hydrogen and nitrogen are slow, tedious and ex-
pensive. With the Model 185 Carbon Hydregen Nitrogen Analyzer,
the microchemist now has at his disposal an equally accurate and
reliable alternate mechod that is 4 to 8 times faster — the complete
185 analysis takes less than 10 minutes.

In addition o being faster than the conventional methods, the 185
also requires a much smaller laboratory investment because it en-
ables a (echnician with only a minimum of microanalytical training
and experience to obtain reliable results under normal laboratory
conditions.

Instrument design features

The Model 185 CHIN Analyzer incorporates a number of impor-
tant design features chat ars unique armong instruments for elemental
analysis, the result of Hewlett-Packard's experience in the field
which gurpasses that of any other manufacturer.

Two-stage furnace for optimum oxidation and reduction: the
Model 185 uses a two-stage furnace for sample combustion:
(1) an oxidation furnace, automatically controlled at any temper-
ature between 750 and 1050°C as selected by the analyst for
rhe best oxidarion conditions for the sample at haad;

(2) a reduction furnace, automatically held at 400 to 600°C to
provide complete reduction of all nitrogen oxides and excess
oxygen, thus easuring nitrogen determinations that are relt-
able within the allowable error of +0.3.6%.

Automatically timed combustion cycle: the peak height response
obtained during the chromatography of the oxidation products is
dependent upon the time the sample is confined in the combustion
chamber. In the 185, the combustion pericd is automatically and
precisely controlled to eliminate analytical error from this source.
A flow diversion switch and timer are used for this purpose. In
the "Timed™ position, carrier gas flows through the furnace until
a “Start” button is pushed. When timer is started, carcier gas
bypasses the furnace for a precisely rimed 20 or 50 second peciod,
at end of which it is automatically re-directed through the furnace.
sweeping combustion products into the gas chromatograph.

In the “Maqual” position, carrier gas bypasses the fuenace. Pilot
lights indicate whether carrier gas flow is in “bypass” or “through
furnace”.

Two-zone oven for consistent GC analysis: the 185's column
oven consists of an outer shell 2nd an inner column oven, each
equipped with separate and independent temperature control, The
outer shell maingins an ambient temperature near that of the

; CHN ANALYSIS
it .

oven and keeps column temperature stable. Peak height thus re.
sponds to sample composition only and the baseline is stable.

Single-column single-detector GC system: improved column
technology led to the single-column, single-detector design of the
185. All three combustion products ~ CO:, H:O, N:— are sep-
arated in a single pass resulting in a chree-peak chromatogeam,
one peak for each of the combustion products.

Automatic sensitivity selector: an automatic sensitivity selector
keeps all three peaks on scale for all types of samples, and allows
direct peak height readout of the analytical trace. This feature
releases the operator from having to manually attenvate the CO:
peak on each analytical run, chus providing unattended operation
from sample injection to completion of run.

Specifications
Analysis time: 10 minutes tocal.

Accuracy: comparable to Pregl and Dumas methods, Based on test
analgses with NBS standards; the same limitations that apply to the
classical method also apply to the 185, especially with regard o
samples that are difficult to combust.

Sample range: any solid or liquid material that buins completely
at 1050°C or less, including those that contain O, §, P, Cl, By, J,
F. As, 5b, and $n.

Furnace: two-stage type with oxidation furnace and reduction fur-
nace, each independently temperature-controlled.

Oven: two-zone type with inner oven and outer shell, each inde-
pendently temperature-controiled.

Temperature controh

1. Oxidation furnace: variable voltage transformer, adjustable to
1050°C.

2. Reduction furnace: variable voluage transformer, adjuseable
400 to 600°C.

3. Oven: thermostat controller, adjustable ambient to 150°C.
4. Shell: thermostat controller, adjustable ambient to 150°C.

Temperature readout: pyrometer graduated 0-1200°C and five-
position selector switch for readout of 4 positions noted above
plus ambient.

Detector: four-filament thermal conductivity type equipped with
current adjustment, bridge balance and ousput attenuation controls.

Carrier gas: automatically timed bypass controlt shutoff control,
pressure regulator.

Balance: Caha Ratio Electrobalance.

How to order

Ordering
No. Description Price
185 Model 185 with Honeywell ElecteoniK 16
Strip Chart Recorder and Cahn Ratio Elec-
tro-balance $6600.00
19046A  Gas Purifler $ 300.00
(Regulator Carrier Gas cylinder regulator kit (two-
Kit) stage pressure regulator, 6§ feet of 1} in.
O.D. copper tubing with appropriate fi-
tngs). Specify carrier gas supplier or CGA
No. of cylinder outlet § 50.00
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The HP 8400C Series MRR* Spectrometers are designed
to measure the function log S vs. log P, as well as the fre-
quency, v, of a microwave absorption line. The signal ampli-
tude, S, is due to the resonant zbsorption of microwave radia-
tion by the gas and can be related to molecuiar concentra.
tion, N. From the power incident on the gas, P,, the rota-
tional broadening-relaxation time, r, can be calculated. The
frequency measurement, v,. provides information on molecu-
lar structure,

*Molecolar Rotationa) Resonance.

MRR* SPECTROMETER

Rotational energy transfer, mofecular
structure and concentration—model 8400C

Sensitivity

The signal-to-noise performance of any spectrometer de-
pends on severa] factors: the bias conditions on the crystal
detector, the crystal detector, the frequency stability (Jong
term and short term), the available radiation power, and the
Stark Modulator-Stark Cell combination. These factors must
be considered over an entire waveguide band. The figure
to the right is a slow scan through the ] = 2 — 3 transi-
tion of the 0'8C*#S3+ line in natural zbundance in about a
909 pure sample of OCS.

/

N

8400C Molecular Rotational Resonance Spectrometer
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Specifications

Sensitlvity Square wave! rise time, 1.2 us; fall time, 1.2 ps.
Time constaat, 100 seconds Stark cel
Signal power = 10 x noise power Volume: 2=500 cc (6 feet).
Sufficient to detect: X-band signal/cm of 10-1¢" 34 Plating: gold, both septum and walls.
P-band signal/cm of 10-10+ 14 Price: from $44,000 to $61,000 per frequency band. Con-
K-band signal /cm of 10-2* 7 version kits also available,

R-band signal/cm of 10-0° 3+
Signal calibrator aceuracy: =0.6 dB in the signal amplitude
Of two lines. Aaks 001230 0
Freguency i
Range: four waveguide bands from 8.2 to 12.4, 12.4 to
18.0, 18.0 to 26.5, and 26.5 to 40.0 GHz.
Stability: loag rerm, 2 x 10-3/day; short term, 5 x 10-¢/
minute.
Sweep width: over any part or all of a frequency band.
Sweep rates: continuously variable from 10 to 10,000
seconds.
Readout: to =-10 kHz.

Modulation

Frequency: 33.333 kHz.
Stark voitage: ground to base, 0 to 2000 V; base to peak,
0to 2000V, Slow Scen J = 2 - 3 Transition of Q1¢C 12§34

SAMRL QUZOEM A ATURL ARLNDLNGE
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CONTROL UNIT !
'l |
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S
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CONTROL UNIT
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8400C Molecular Rotational Resonance Spectrometer
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The Model 5960A Atomic Absorption Photometer is fuada-
mentally faster and easier to use than any of its contemporaries.
Other AA instruments employ a monochromator, a sensitive
optical device that is better suited to basic research than to
coutine analysis because it requires careful adjustment at every
use, preferably by a trained spectroscopist. In contrast, the
S960A eliminates the monochromator, replacing it with a series
of discrete resonant wavelength filters that are instantly and
correctly pushbutton-selected by any operator regardless of
skill,

Fast six-element analysis

The practical significance of the $960A design becomes
abundantly clear when multi-element analyses are required, as
they often are. With 2ll monochromator instruments, a multi-
element analysis rakes 2 long time because monochromator,
slit and electronic balance must be changed every fime the
element is changed, With the 5960A, a six-element analysis
can be performed on a single sample in little more time than
it takes to push six buttons.

To perform a multi-element analysis with the 5960A, the
opccator simply:

a-—rotates elemens selector wheel to place any of six hollow

cathode lamps in operating position instantly, without ad-

justment or warm-up;

b—pushes resonant wavelength selector button 1o position

the proper narrow bandbass filter, each accurately pre-cali-

brated and zeroed;

c—aspirales the sample and, within a few seconds, reads its

concenteation directly on a built-in meter or from a recorder;

d—uses the same sample for uninterrupted determination of
2s many as six elemeats, without adjustments of any-kind
between elements.

Modufar design for easy expansion

The $960A is delivered custom-ecquipped for pushbutton
analysis of up to any six pre-selected elements. And the modu-
lar design of its source and wavelength selectors permits ex-
pansion of the instrument's capability beyond rhe originally
specified elements. The conversion which takes no more than a
few minutes, involves only the replacement of hollow cathode
lamps, and a factory-assembled siogle flter assembly which
locks into place withour alignment or adjustment.

AA PHOTOMETER

Fast multi-element atomic absorption analysis
Model 5960A

Fixed optical system

All optical components are mounted on a massive cast
aluminum optical bench. They are permanently related to one
another and never need alignment. A unique dual-wavelength
technique compensates for instabjlities in a single pass hence
does not introduce the troublesome and slow optical nulling
of double-beam instruments. Flame emission is effectively elimi-
nated without source modulation. Wide-range optics are highly
efficient from 1900 to S8000A.,

Interchangeable burners

The 5960A can be operated with either of two interchange-
able burners: a new laminar flow burner that optimizes per-
formance and is quiet, and 2 total consumption burner. Either
burner mounts on a rigid structural arm that is aligned in the
optical path, and is completely accessible from front 2nd
back.

Design of the laminar flow burner minimizes explosion
hazard by virtue of its extremely small premix volume—0.05
cubic inches, about 1/100th as much as in previous designs.
Very economical of fuel and oxidant gas flow, it can be op-
erated with hydrogen-air, acetylene-air and acetylepe-nitrous
oxide.

The total consumption burner is a non-clogging type with
readily interchangeable aspirator. Bxternal gas mixing elimi-
nates the possibility of explosions, and the burner can be
operated satisfactorily with hydrogen fuel and air as support

£2s.
Performance

The salient fact about the performance of the 5960A is its
speed: no other instrument can produce reliable results any-
where near as fast. A six-element analysis can be completed in
as little as one minute, about ten times faster than contem-
porary instruments of other makes.

But speed is only one important factor in rating the per-
formance of an AA Instrument: the detection limit, linear
operating range and precision are equally significant.

Derection limits of the 5960A are considerably greater than
the vast majority of analytical applications require, s illus-
trated below:

~
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Typleal Deteotian Linear Operating
Element Limit {ag/ml In water) Range (ug/mi)
Calcivm 0.006 Oto8
Gopper 0.08 0to 10
Gold 0.4 01025
Iron 0.5 0to70
Lead 0.8 0to 60
Lithium(natural) 0.04 Otod
Magnesium 0.001 0t 8
Manganese 0.04 0to15
Mercury 2.5 0 to 200
Nickel 0.4 01060
Potassium 0.003 Oto8
Silver 0.1 0to)5
Sodium 0.01 O0to7
Strontium 0.06 Gto15
Tin 1.2 0 to 250
Zine 0.8 Oto2

Linear operating range of the 5960A often exceeds the per-
formance of higher-priced instruments, especially in the case
of the more sensitive elements (see table above).

Precision of the 5960A is unsurpassed. No other AA instru-
ment {5 capable of routine operation at a higher degree of
repeatability. The reasons are obvious. Resonant line jsolation,
which is accomplished by discrete narrow bandpass filters in
the 5960A, is repeated precisely in the same way at every use.
In monochromator instruments, the procedure is subject to
variations at every use, even with the same operator, and
especially with non-expert personnel. Dwal wavelengrh com-
pensation in the 5960A eliminates variations from instabilities
in the source and electronics without source modulation.
Finally, direct concentration readornt greatly reduces the chance
of error in the calculations,

Specifications

Optlcal

Single-beam, single-pass fixed optical system.

Dual wavelength compensation (without source modula-
tion.

System range of 1900 to 8000.3 (fused silica Jenses).

Compensation for scattered light and neutrally absorbed light.

Resonant line isolation by 6 pushbutton-selected narrow
bandpass filters.

Filters easily substituted in 6.filter assemblies.

Single wide-range multiplier phototube detector.

Saurce

Turret holds 6 hollow cathode lamps, al) in operating con-
dition.

Lamp selector on front panel.

Solid-state power supply provides regulation to all 6 lamps.

Lamp current individuzlly controlled from 0 to 30 mA dc.

Lamp current indication on milliammeter with 1 mA gradua-
tions.

Photometric

Sensitivity of 0.01 absorbance full scale.

Range of 0.01, 0,10 and 1.00 absorbance full scale.

Calibration controls are continuous over full range.

Meter output is linear with abserbance.

Recorder output: 50 mV full scale, 5.1 k ohm output (m-
pedance.

Burners
Two directly interchangeable types, both made of stainless
stee).
Vectical adjustment by screw knob.
lacidence adjustment: loogitudinal or perpendiculac to opti-
cal path (laminar flow burner).
Sample introduction by aspiration.
Laminar flow burner:
Quiet.
Sample aspiration rate: recommend 3-6 Ml/min.
Path length: 1 inch.
Fuel: acetylene at 2 ft*/hr; or hydrogen at 2-4 £t*/hr.
Support gas: air or nitrous oxide, at 14 ft¢/hr.
Premix volume: 0.05 in®.
Total consumption burner: safe.
Sample aspiration rate: recommend 3-6 Ml/min.
Fuel: hydrogen at 4-§ ft*/hr.
Support gas: air at 20-30 t'/hr.
Physlcal
4018” long, 16-1/16” high, 18%” deep; 125 lbs net.
Efectrical
105-125 V or 210-250 V, 50 or 60 Hz, 285 W.

How to order

Ordering
No. Description Price
$S960A  Atomic Absorption Photometer with $4,400.00
Laminar Flow Buraer and Support
installed: for operation at 115 V-
230V, 50-60 Hz.
ELEMENT OPTIONS
NOTE: The 5960A is operational only
with the addition of at least one ele-
ment option; it accommodates up to
six element options, factory-installed;
beyond the frst six, options are ship-
ped separately foc customer installa-
tion. Each element option includes a
hollow cathode lamp, filter and
holder, pushbutton label and 100 m!
of standard solution.
28 Calclum ... ..l add 310.00
33 CoPper ..o add 310.00
40 Iron .o o add 310.00
45 Gold ... ... add 400.00
48 Lead ... ... add 330.00
49 Lithium (natural) ................ add 355.00
53 Magnesivm .. ... add 310.00
54 Manganese . ...... ... ... L. add 315.00
55 Meccury ... oo add 335.00
58 Nickel ... oo i add 310.00
64 Potassium .., ..., . add 360.00
24 Silver ... ... . add 310.00
75 Sodium ... add 360.00
76 Stroatium .. ... add 360.00
83 Tin o add 350.00
89 ZINC . i i e e add 385.00

ADDITIONAL OPTIONS

06 Substitute total Consumption Burner . add 100.00
15 Strip Chart Recorder 7127A with
17501A plug-in input module, 10” . add 1200.00
calibrated chart, 0.29 accuracy,
four-speed chart drive; 115 V, 50

or 60 Hz.
BURNER MODELS
5963A  Total Consumption Burner ......... add 300.00
5964A.  Laminar Flow Buraer .............. add 200.00
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The Mode! 302 Vapor Pressure Osmometer measures the
osmotic concentration of a solution, operating on the principle
of vapor pressure lowering. From this data, number-average
molecular weights of solute species in solution are determined
precisely.

The Model 302 VPO is designed for molecular weight ma-
terials in the range of 100 to 25,000 and are effective for both
natural and synthetic polymer measurements. It can be op-
erated at 25°, 37°, 50°, 65°, 100°, or 130°C and can operate
successfully with sample sizes as small as 10 microliters. v is
capable of measuring temperature differential between sample
and solvent drops to better than 0.0001°C,

Mode! 302B Vapor Pressure Osmometer
Model 500 Membrane Osmometer

How to order

Ordeting
No. Description Price
302B Vapor Pressure Osmometer for aquerous $2700.00

and aon-aquerous operation at 115/230 V,
50-60 Hz (specify one or more temperature
control options and one or mare probe op-
tions).

Termmperature control options

4 » )

%. - Series 500

\ /

Series 500 Membrane Osmometers are automated instru-
ments for the precise and speedy determination of the number-
average molecular weight of natural and synthetic polymers
in the range 10,000 to 1,000,000. They operate with aqueous
as well as organic solvents, at temperatures between 5°C and
130°C. The 500 measures osmotic pressure with a repeat ac-
curacy of =0.02 ¢m of solvent in a range of 2000 . .. on
samples as small as 1 m).

Based on the dynamic method of measuring osmotic pressure,
the 500 reaches equilibrium when no more than 10-° liter of
solvent has moved into the membrane.

Individual readings are frequently completed within 10
minutes after the sample has been introduced ... and a full
concentration series, within an hour,

06  Fixed thermostat, 25°C add $100.00
07  Fixed thermostat, 37°C add 100.00
08  Fixed thermostat, 50°C add 100.00
09  Pixed thermostat, 65°C add 100.00
10  Fixed thermostat, 100°C add 100.00
11 Fixed thermostat, 130°C add 100.00
12 Variable temperature controller, 25 to  add 400.00
130°C, with sensor for operation at 60 Hz
13 Variable temperature controller, 25 to add  400.00
130°C, with sensor for operation at 50 Hz
Probe options
20  Probe for non-aquerous operacions, add $190.00
25 to 80°C
21 Probe for non-aquerous operation, add 190.00
70 to 130°C
22 Probe for agquerous operation, add 250.00
25 1o 80°C
How to order
Ordering
Neo. Description Price
501  Standard membrane osmometer, 10 mV re-
corder output; 115 'V, 60 Hz $4900.00
502  High temperature membrane osmometer, 10
mV recorder output; 115 V, 60 Hz 5750.00
503  Low temperature membrane osmometer, 10
mV recorder output; 115 V, 60 Hz 6250.00
Options (factory-instafied)
03 For operation at 25°C 100.00
04 For operation at 37°C 100.00
05 For operation at 50°C 100.00
06 For operation at 65°C 100.00
07 Thermostat for operation at 100°C 100.00
(Model 502 only)
08 Thermostac for operation at 110°C 100.00
(Model 502 only)
09 Thermostat for operation at 130°C 100.00
(Model 502 only)
10 Variable Temperature Controller 375.00
11 1 mV recorder output n/c
12 Thermostat for operarion at 5°C 100.00
(Model 303 only)
20 S0 Hz operation (115 V) n/c
21 50 Hz operation (230 V) 75.00
Recorder
HO02-7127A Moseley strip chart recorder with
17504-80060 plug-in 10 mV iaput module,
10-inch calibrated chart, 0.29 accuracy,
four-speed chart travel; 115 V, 50 or 60 Hz  1050.00
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AUTO-VISCOMETER

Automatic programming, recording of efflux time . p
Models 5901B and 5903A

MOLECULAR WEIGHT

DETERMINATION
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Highest accuracy in determining efflux times yields highest
accuracy in final calculations—whether for intrinsic viscosity,
kinematic viscosity, or for molecular weight.

The instruments described hete—in combination—pro-
vide extremely high accuracy and reliability in measuriag
efflux times. Using the Auto-Viscometer and the Programmer
you can expect:

2) 20 rimes better accuracy than stopwatch techniques.

b) Unlimited and automatic repeat measurements on any
viscometer.

¢) Automatic sequences for all four viscometers in the
system with up to 10 repeat measurements per viscom-
eter.

d) A permanent record of all efflux times measured,

59018 Auto-Viscometer

The Auto-Viscometer measures efflux time in glass capil-
lary viscometers with a transistonzed electronic counter using
2 quartz crystal oscillator as 2 time base reference. This ap-
proach not only makes viscosity measurements moce efhcient,
but produces results at least 10 times more accurate than
stopwatch techniques, The electronic counter measures efflux
time automatically through use of photocell detectors mount-
ed at upper and lower reference points on the glass visco-
meter. Positioning screws are provided for spacing adjust-
ments between upper and lower reference points. Each de-
tector consists of a self-contained, miniature light source and
photocell in a compact submersible uait, “"On and OFf* ¢rig-
gering of the time mtecval counter occurs when the meniscus
of the solution drops past the detectors; the time is read on
the Nix1e® display. This reading remains vnti! intentionally
erased by the operator. After the operator records the efflux
time, he can either repeat the run or switch to another channel
for a new measutement,

5903A Programmer

The repetition of efflux time measurements yields dara of
high confideace, and final viscometry caleulations will have
utmost precision. A combination programmer and printer,
the 5903 A virtnally eliminates the tedjum of constant mon-
itoring and recording of data, while giving you the capability
for unlimited measurements, It attaches to the Auto-Vis.
cometer to automatically program efflux time measurements.
The Programmer can control a sequential run from channe!

to channel (ore theough four on the Auto-Viscometer) and
will repeat the program for as long as the operator wishes.
Up to 10 repeat measurements per channel can be made, with
40-second intervals between measucements. Alternately, an
unlimited number of repeat measurements can be done on
indjvidual viscometers. This automatic printout of efflux
times gives you a permanent record of measusements, and is
2 time-saver. Each reading, morcover, is coded with vis-
cometer number and run number. The printer is identical to
HP 5624, described on page 135 in this catalog.

Specifications, 5901 B Auto-Viscometer

Range and resolution: up to 1000 seconds ==0.01 second;
up to 100 seconds ==0.001 second.

Readout: Neon Nixie® 5-Digit Register with decimal point
indicated.

Accuracy: at Jeast =1 second. Based on reproducibility of
typical measurements of efflux time up to 300 seconds
using Model 5910A Bath.

Operating temperature: 5°C to 135°C.

Glassware: detectors will accommodate viscometers with 6.5
to 10 mm diameter at point of detection.

Response time: 10 microseconds.
Minimum meniscus speed: 1 jnch per minute.

Pawer requirements: 115/230 V =10%, 50 or 60 Hz, 60
walts.

Dimensions: 10” high, 814" wide, 13” deep.
Welght: net 17 Ibs; shipping 22 1bs.

5903A Programmer
Printer: see specifications on HP 562A on page 135.

Programmer: sequence and repeat selectors for four vis-
cometer channels.

Power requirements: 115/230 V ==10%%; 50 or 60 Hz; 130
watts.

Dimensions: 1215” high, 2034” wide, 1814" deep.

Welght: 35 Ibs,
How to order
Ordering
No. Description Price
5901B  Auto-Viscometer, complete with pump

and 4 sets of detectors 23400.00

5903A  Programmer, with printer $4700.00

Option 01: timer for measurement inter-

vals of 5 to 100 minutes, add $225.00
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QUARTZ THERMOMETER

0.0001°C or °F resolution, direct measurement
Model 2801A

The method of temperature sensing employed in the 2801A
Quartz Thermometers is based on the sensitivity of the resonant fre.
quency of a quartz crystal to temperature change.

Temperature range of the 2801A Quartz Thermometer is —80
to +250°C (—112 to -+482°F). The quartz thermomerer is
considerably more linear than a platinum resistance thermometer:
+.05% of span from —40 to T250°C compared with a typical fig-
ure of £.55% for the same range for platinum thermometers.
Linearity of the quariz thermometer is superior to that of thermo-
couples and thermistors, which have an exponential characeeristic.
The excellen: sensing characteristics of the quartz thermometer are
supplemented by the advantages of direce digita! readout (no bridge
balancing, or reference to resistance or voltage-temperature tables
or curves), immunity to noise and cable resistance effects, no refer-
ence junction, and good interchangeability between sensing probes.

The 2801A is equipped with two sensing probes for measuting
temperature at either probe or the difference between the two. A
&-digit visual readout and recording output with a choice of push-
button-conirolied sample times provides resolution of 0.01, 0.001
or 0.0001°C or F. With Option M40 (100 second sample period)
resolutions of 0.001, 0,001 or 0.0000t °C or °F can be obtained
Signal polarity indication is provided. The 280tA includes the
capability for operation as a 300 kHz electronic counter.

Temperature sensing probes

Various standard probe configurations are available for the 2801A
Quartz Thermometer. Probes from the 2850 series are furnished
with the quartz thermometer. Outline drawings for all models ap-
pear at right,

Remote operation of probes

Each rtemperature sensing probe has a quartz-crystal which is
resonant at 2 frequency dependent upon teniperature, and is driven
by a 2830A Sensor Oscillator. The oscillators are transistorized de-
vices enclosed in small die-cast aluminum housings. They are nor-
mally instziled in the 2801A flush-mounted in a front panel recess.
12-foot cable connects each probe to its associated sensor probe;
this cable forms part of the tuned circuir and cannot be altered
in fength, However, the sensor oscillators may be unplugged from
the instrument and connected 1o it by standard 75-chm coaxial cable
up to 3500 feet in [ength, with no loss in measurement accuracy. For
greater distances, one or two 2831A Amplifiers may be used for a
maximum of 4500 feet.

Specifications 2801A

Temperature range: —80 to +250°C (=112 to +482°F with
Option M1).

Calibration accuracy: thermometer-probe combination calibrated at
factory to within .02°C (.04°F) absolute, traceable to NBS.
Linearity: —40 to +250°C. Better than .15°C (.27°F) referred to
best fit straight line through 0°C; —80 to —40°C. Berter than 0.7°C
(1.26°F) referred to same line as above; 0 to -+100°C. Betrer
than .05°C (.09°F) referred to best fit straight line through 0°C.

Stabllity:

Short term: better than =.0001°.

Long term: zero drift less than =.01°C (.018°F) at constant
probe temperature for 30 days.

Ambient temperature effect: less than .002°C per °C change.

Display: 2801A: &.digit in-line readout in C°, or *F. Decimal point,
°C (°F), and polarity indication included. Readout and units in-
cation in ke in counter mode of operation. Storage feature holds
display between readings.

Digltal recarder output: BCD, 4.2'.2-1, positive-true, for each
digit, decimal point (exponent), polarity, and operating mode.
8-4-2-1 positive tree optionally available.

External programming: selected by contact closures or transiscor
circuit closures to ground. Measuremenc initiation, probe sefection

(T1, T2, or T1--T2), and resolution (.01, .001, or .0001°) pro-
grammable.

Counter operation: Frequency Range: 2 Hz to 300 kHz; Resolu-
ton: 10, 1, and 0.1 Hz; Sensitivity: 0.5 to 10 V rms; Inpuc Imped-
ance: 1M, 50 pF shunt; Gate Time: 0.1, ) and 10 sec.

Power requived: 115/230 V *=10%, 50 to 60 Hz, 85 W.

Instrument environment: ambient temperatures from 0 to +55°C
(32 to +130°F), at relative humidity to 959% at 40°C.

Welght: net 22,5 1b (10,1 kg), shipping 35 Ib (15,9 kg).

Dimensions: 3-15/32” x 16-5/16" x 16-3/4” (88 x 414 x 425 mm).

Price: 2805 A Quartz Thermometer, including two 2830A Sensor Os-
cillators and two (matched) 2850 series Temperatute Sensors,
$3,800.

HP-2831A Amplifier Specifications

Operating frequency: 28 to 29 MHz approx.
Gain: 40 dB approx.

Power required: +12 to +20 V dc, at 8 mA approx. (Normaily
supplied by HP 2801A.)

Connectors: coaxial output connector mates with HP 2801A Quartz
Thermometer.

Operating conditions: same as HP 2830A Sensor Oscillator.,
Dimensions, welght, finish: came as HP 2830A Sensor Oscillator,
Price! 2831A Amplifier, $100.
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MEASURING, MONITORING, RECORDING
PHYSIOLOGICAL DATA

Instsuments and Systems for Measur-
ing, Monitoring and Recording Physio-
logical Data: The following pages sum-
marize the main features of the majoriry
of Hewlett-Packard instruments for clin-
ical medicine, clinical laboratory, patient
monitoring, resuscitation, multichannel
diagnosis and multichannel research, Ad-
ditionally, references will be made in the
following text to various Hewlett-Pack-
ard test instruments which are applicable
to the medical instrumentation listed.

Two additional publications are avail-
able describing Hewlett-Packasd’s clinical
and patient monitoring instruments in
full detail. These are the Diagnostic In-
strumentation catalog and the Patient
Mositoring Compendium, To receive
your complimentary copies, contact the
nearest Hewlett-Packard sales/service of-
fice (see lists on pages 16-22).

Total system concept

In order to best meet your needs as a
customer in the bio-medical field, Hew-
lett-Packard strives to provide, wherever
possible, a total data acquisition system
rather than isolated instrument compo-
nents. Thus Hewlett-Packard's medical
customers are assured of obtaining the
desired results in the most appropriate
form.

A total data acquisition system con-
tains 2 signa) pickup, signal conditioner,
readout device and, as required, a dara
storage unit.

The pickup consists of electrodes for
sensing biolectric phenomena and trans-
ducers for converting the physical pheno-
mena into electrical signals. The signal
conditioner amplifies the signal from the
pickup so that there is sufficient drive Tor
readout devices or 1t may modify the
pickup signal to convert the data into a
morse useful form for readout. The read-
out device presents the data in a form
convenient for monitoring and/or study.
The storage device preserves the data for
readout at a later time.

The readouts can be in the form of an
oscilloscope, XY recorder, visual display,
alarm, and/or typewriter output.

Oscillographs are available in four
basic types: heated stylus, ink, optical
photographic, 2nd optical ultraviolet.

The visual displays consist of various
sized single and multichannel oscillo-
scopes, meters and numerical readouts.
The wide choice of Hewlett-Packard in-
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stcument components in the categories
listed above distinctly equips Hewlett-
Packard 1o provide total darz acquisition
systems,

Clinical medicine

Hewlett-Packard has developed an ex-
tensive group of instruments primarily
for clinical applications. These instru-
ments monitor and/or display ECG,
VCG, heart sounds, simultaneous fetal
ECG and labor contractions, nerve coa-
duction and muscle voltages, and inter-
nal body struc¢tures.

ECG instruments include the 1500A
electrocardiograph (portable use) and
the 1511A (a2 mobile unit). Either Elec-
trocardiograph can be combined with the
1506B Heart Sound Amplifier for heart
sound recording. In the heart station,
multichannel ECG’s can be recorded by
systems employing the 1508A (three
channel) or 1509A (six channel) ECG
Amplifier. The 8020A Cardiotocograph
monitors jnstantaneous fetal heart rare
and labor contractions for indication of
fetal distress.

For VCG presentation, the 1520A Vec-
torcardfograph System, which combines
2 1507A Vector Programmer with 2 780-
6A (Option 01) Viso-Scope, provides a
degree of lead network flexibility never
before available.

The 7214A Diagnostic Sounder and
the 1510A Electromyograph are versatile
instruments useful in diagnostic, research
and teaching applications. Determining
the brain midline, observing heart valve
motion, detecting pericardial effusion and
locating foreign material within the body
are some of the applications of the
7214A. The 1510A is used to monitor
nerve conduction and the electrical ac-
tivity of muscle tissue.

Patient monitoring

Patjent monitoring has been shown to
be of great value in the coronary care
unit, intensive care unit and recovery
room. Intensive care of patients is aided
and indeed enhanced through the use of
electronic instrumeats which continuous-
ly observe various physiological pheno-
mena such as ECG, arterial and venous
pressures, temperature and respiration.
The physiological data is appropriately
displayed on readout devices for con-
venient and effortless monitoring by the
medical staff. High and low limits can

be set so the nursing staff can be par-
ticularly alerted when an abgormal situ-
ation occurs which may indicate patient
distress.

Hewlett-Packard Company has de-
signed a special scries of electronic In-
struments for the particular function of
patient monitoring. The 780 Series of
monitoring units offers many possibili-
ties of system variation to satisfy the
particular requirements of monitoring in
different areas.

780 bedside unils are small, compact,
selfcontained instruments which are used
to monitor various combinations of pa-
tient parameters. Signals from these units
are available for use at a central station
where a number of patients can be coa-
veniently monitored. Ancillary 780 equip-
ment includes the 7810A Mobile Carr,
780-15 Wal] Mount Bracket, 780-16 Ear
Plethysmograph and the 780-21 Remote
Alarm Indicator.

In some areas where patient monitor-
ing is combined with data acquisition
for research, such as the operating room,
Hewletr-Packard multichannel systems
are used with either the 350 or 760
Series of signal conditioners.

Resuscitation

A 7839B Resuscitation System combin-
ing a Defibrillator, Pacemaker, Electro-
cardiograph and Scope on a mobile cart
can be used in all areas of the hospital
in cardiac emergencies.

Multichannel diagnostic systems

Multichannel systems are used routine-
ly in catdiac catheterization laboratories
to record pertinent data, such as cardiac
blood pressures, indicator dilution chat-
acteristics and the electrocardiogram. [n
the heart station, multichannel electro-
cardiograms may be recorded ip addi-
tion to heart sounds and various pulses.
In the pulmonary function laboratory,
the recording of respiratory airflows,
volumes and pressures is essential jn
analyzing respiratory diseases.

Test equipment

Throughout the Hewlett-Packard cata-
log will be found a wide choice of elec-
tronic test equipment ideally suited for
trouble-shooting, alignment and perform-
ance checkout of medical data acquisition
systems.
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Waiter Reed General Hospital, Washlngton, D.C., is typical of big city
hospitals using Hewlett-Packard patient monitoring instruments. At
each bedside of the intansive care unlt, four wall-mounted 780 Serlas
helf madules monitor and/or dlsplay systolic and diastolic pressure,
central venous pressure, respiration rate, heart rate and ECG. Blood
pressures are maeaasured by Hewlett-Packard pressure transducars,
respiration rate is detected by a chest expansion transducer and heart
rate is derived from either the R-wave of the ECG signal or the 780-16
Ear Plethysmograph.

Monitor these vital parameters with HP 780 Series intensive care
{nstruments:

—heart rate

—peripheral pulse

—ECG

—EEG

—temperarure {°C or °F)

—respiration rate

—venous pressure

—arterial pressure

—systolic pressure

—diastolic pressure

—mean pressure

—cardia¢ arrhythmias

With a Hewlett-Packard ICU system, patient monitoring is effec-
tive, economic and easy. Monttoring and data recording are con-
unuous—the patient is effectively never lefe alone. In case of pa-
tient disteess, light and audible alarms generated at the central station
by the bedside monitors bring a nurse immediately to the patient.
This immedidate knowledge of an alarm condition allows immediate
investigation and treatment, resulting in more efficient and morte
effective patient cace.

But Hewlett-Packard systems go beyond merely monitocing {or
patient distress. The continuous information about each patient often
enables a crisis to be foreseen and made less severe or completely
prevented.

The patient care systems pictured represent an almost unlimited
number of combinations of half module and full module uaits. All
units in the 780 Series are electrically and physically compatible.
Since each provides one or mere specific monitoring, recording or
display functiops, the desired system can be easily and economically
achieved by selecting only the specific modules needed.

Advantages of this building biock concept include a cost which
ceflects only those monitoring capabilities needed and complete flexi-
bility to change or expand the system to monitoc more patients, more
parameters oc & different combination of parameters at each bed.

Reliability, patient safety and comfort, high readability and ac-
curacy of display data, and ease of operation by hospital personnel
are foremost in the design criteria of 780 Series instruments. Relia-
bility s provided by all solid state circuitry (except cathode ray
tubes) and operation of key components well below rated values.
Where monitors make direct elecirical connection to the patient,

ICU SYSTEMS
780 Series Modules

isolation ciccuits are employed, and cables and transducers are light
weight for greatest patient comfort. Visual iadicators have large,
easy-to-read numerals, and illuminated plaques of contrasting colors
distinguish various monitored conditions. Adjusiable alarm delays
permit the medica) staff to select a delay interval which will prevent
transients or other events of no clinical significance from triggering
an alarm.
Planning, training and service

To ensure that the right patient monitoring system is installed in
your hospital and that it will provide continuing clinical value, every
Hewlete-Packard medical instrument salesman is 2 trained bjoengi-
neering consultant, familiar with the needs, objectives and budgets
of hospitals like yours. He will discuss your present and anticipated
needs with you and recommend the system which most economicaily
and flexibly meets those needs. Comprehensive, written proposals
are always supplied prior to contract agreement.

Another benefit is the availability of installation services and re-
sponsibility for performance from local Hewlelt-Packard sales and
service offices. Key features of the new 780 Series warranty (in the
United States only) are:

e round-the-clock emergency repaic service for the full one year
warranty period. Response time will be no greater than twenty-four
hours to hospitals within 100 miles of Hewlet-Packard sales and
service offices. If you are more than 100 miles from an authorized
Hewlert-Packard service facility, a mutually agreeable guaranteed
response time will be negotiated.

o (hree customer assistance calls at approximately 30, 60 and 90
days aftec the installation (for systems priced at $3000 or more
purchased after November 1, 1968). These trips will be made to
check on proper operation and underscanding of the system, and to
perform preventive maintenance using instructions supplied by Hew-
leet-Packard. A system [ogbook is provided for the hospital to make
note of anything of significance occurring between visits,

Finally, local Hewlett-Packard field office men will train your
staff in operating and maintenance procedures using formal hospital
seminars and training booklets and informal discussions with the
staff.

Patient monitoring compendium

Foy fusthes patient monitoving systems and service information,
ask your local Hewlett-Packasd sales and service office (see lists on
pages 16-22) for your complimentary copy of the Patient Monitoring
Compendium. In it yor'll find detailed information about the in-
dividual insisuments, an 1CU systems planning guide and an appli-
cation section.

4 I

7822A

These two 780 Serles patient monitors, with a 1500A ECG Recorder
angd 78058 Signal Delay, ara a complete system for monitoring and re-
cording ectoplc beats, The 7822A Arrhythmia Monitor has a run of
actopics alarm (3 or 6 widened beats of ventriculsr origin without an
intervening normaf beat) and a frequent ectoplcs alarm (6 or 12 pre-
mature or widened beats/minute). (t slso controls the ectopic beats
racorded on the 1500A £CG Recorder and the 7825A Trend Recarder. {n
a typical Installstion, lhe 7825A plots widened or premature beats/
minute (n the bar graph mode and heart rate in the analog mode.
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780 Series Modules

Bedside monitors

Model 780B Viso-Monitor. Monitors heart rate and peripheral
pulse with visual alarms of distress conditions and signal outputs
for central station display/recording; records ECG automatically ar
preset intervals or manuzlly; delivers pacing current automatically
(after preset asystole interval) or manually. $2375,

Model 7803A Monitor Scope. Displays one or two patient para-
meters on an 8 x 10 am screen. Scope traces are easy to read with
automatic intensity control and safety amber flter. Also used at the
central scation. $680 (dual-channel); §625 (single-channel, Opdon
01).

Model 7805B Signal Delay. Records pre-alarm data on an endless
tape loop for immediate diagnosiic aid upon alarm or later research
data. $§725 (single-channel); $855 (dual-channel, Option 01).

Model 780-7/7A Patient Monitor. Monitors ECG or pulse and
displays derived heart rate; applies pacing stimulus (Model 780-7A
without pacing); high and low heart rate limits on front panel
meter—visual alarms if [imits exceeded. $850 (780-7); 8715
(780-7A).

Model 780-8 Patient Monitor. Displays temperature and respira-
tion rate on front panel meters with adjustable high and low alarm
limits~——visual alacms if limits exceeded. $725.

Model 780-9 Patient Monitor. Displays systolic and dizastolic (or
mean) blood pressures on front panel meters with adjustable high
and low alarm Jimits—visual alarms if limits exceeded. $910.

Model 780-18 ECG-EEG Preamplifier. Used with a 7803A Moni-
tor Scope as a basic monitoring system in the ICU. The two units
are a practical, portable monitor that can be quickly set up at the
patient’s bedside for routine monitoring or emergency use. $330.

Model 780-19 Patient Monitor. Displays temperature and venous
pressure on front panel meters with adjustable high and low alarm
limits—visual alarm if limits are exceeded. $910.

Model 7822A Archythmia Monitor. This small hybnd computer
monitors ECG for premature or widened beats; generates alarms and
displays on associated units.

Model 7825A Trend Recorder. Records one to four patient para-
meters on independent channels capable of producing standard ana-
log traces or plotting bar graphs. Used with the 7822A Arrhythmia
Monitor for a long term record of ectopic beats. §925.

Central station modules

Model 780-6A Viso-Scope. Displays patient parameters, such as
ECG, pressure and pulse waveforms, on a 5 inch screen, §700
(single-channel); $875 (four-channel, Option 01).

Model 780-11 Padent Selector. Combines visual and audible pa-
tient distress alarms with patienc signal switching to associated dis-
play or recording instruments. $730.

Model 780-12 Pacient Alarm Display. Senses alarms from bedside
monitors for any of four conditions at up to eight beds, actuates an
alarm chime and illuminates a patient-identifying numeral indicating
the alarm condition. $1000.

Model 780-13A Signal Switch Expands cthe capabilities of a 780-
11 Patient Selector to additional signals per patient and ap auto-
matic mode of signal transfer to associated display/recording instru-
ments. $290 (standard unit); $655 (Option 01 automatic switching);
additional $55 per bed (Option 02 relay assemblies)

Model 7824A Analog Display. Displays up o four channels of
physiological information on 2.5 inch rectangular meters. $425.

Model 780-800B Remoce Monitor. Used with 2 780B Viso-Moni-
tor at the bedside, the 780.800B duplicates all visual displays of che
7808, beeps with each QRS complex and has a steady alarm tone in
case of patienr disiress. $340.

Model 5601A Numerical Display. Displays three-digit values of
four slowly changing patient parameters—such as blood pressures;
heart, pulse and respiration rates; and temperature—on illvminated
numerzls 0.6 inch high. §2100 (wpica! four paramecer display).

PATIENT MONITORING

Resuscitation instrumentation

Model 7802B Defibrillator. Provides a dc, capacitor dischacge
countershock for termination of ventricular Abrillation and, with
Option 01 Synchronizer circuit, for conversion of arrhythmias such
as atrial fibrillation. Option 02 amplifier is for ECG monitoring.
$1135; $§1525 (with Options 01 and 02).

Model 7804A Pacemaker. Provides electrical stimulus intenally
or externally to cardiac patients with atrio-ventricular dissociation,
ventricular slowing resulting in reduced cardiac output or cardiac
arrest. AC and rechargeable battery-powered models are both avail
able. $520 (AC operation only); $600 (bartery and ac line opera-
tion).

Model 7839C Mobile Resuscitation System. Consists of a 7802B
Defibrillator, 7804A Pacemaker, 1500A Electrocardiograph and
7803A Monitor Scope mounted in a 7810A Cart for quick response
in a cardiac emergency.

Ancillary equipment

Mode! 7810A Mobile Carc. Used as an emergency resuscitation
cart for quickly getiing all instruments, drugs and supplies to the
patient or as a bedside cart for a monitoring system.

Mode) 21114A Respiration Transducer. Detects chest expansions/
contractions as small as 0.015 inch o monitor respiration rate, Used
with 2 780-8 Patient Monitor or 760-2200 Respiration Rate Pre-
amplifier. $100.

Model 780-15 Wall Mount Bracket. Holds up to two 780 half
modules on a rgged bracket, freeing area around bedside and pro-
tecting monitors from possible damage. $35.

Model 780-16 Ear Plethysmograph. Detects blood pressure pulsa-
tions with a light-photocell arrangement attached to the ear. Used
with a 780-7/7A Padent Monitor or a 780B Viso-Monitor. $100.

Model 780-21 Remote Alarm Indicator. Alerts personnel in cos-
ndors, doctors’ or nurses’ lounge, etc. to distress conditions with a
flashing red light and repearing alarm tone. $130.

Model 7837A Central Station Console. Used o mount central
station instruments in a single, efficient console; options give a variety
of configurations. Minimizes installation time, all equipment—in-
cluding central junction box—factory-mounted before shipment.

The cardiovascular intensive care unit at Chrisuan Holmes Hospital,
Cincinnati, Ohio. makes extensive usse of RP monitoring, warning and
display nslrumants. At the central station, the nurse can select and
display ECG’s on the 780-6A Viso-Scope and moaitor patlent variables
on the 5601A Numerical Display. In csses of patient distress, visoal
2nd pudible atarms are given by the 780-11 Patient Selector and the
alarm patient's ECG Is automaticelly recorded on the strip chart ra-
corder. Badside modules include ECG, puise and heart rate monitocs
and s DC Defibrilistor raady for use il needed.
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INSTRUMENTATION

Clinica) applications instruments in the Hewlett-Packard
product line are pictured and briefly desceibed below. These
units monitor/display ECG, VCG, heart sounds, simultan-
eous fetal heart rate and labor contractions, nerve conduction
and muscle voltages, and internal body structures.

INSTRUMENTS FOR CLINICAL MEDICINE

Detailed information on each instrument is found in the
Hewlett-Packard 1969 Diagnostic Instrumentation catalog.
To receive your complimentacy copy, simply call or write
the Hewlett-Packard sales and service office nearest you (see
lists on pages 16-22).

1500A

Special features of HP's }500A portable
Electrocardlograph include patiant protec:
tion from potentially hazasrdous currents, »
quick (10 second) warmup and the high
rellabllity of all salld state circuitry. $850.

v Y

!

A mobile, hospital version of the Hewlett-
Packard Electrocardiograph is the Model
1511A. It has 2l) the patient satety, operat:
Ing ease and high reliability features of tha
standarg 1500A Electrocardiorraph In »
can. $975.

I

1506B with 1500A

Heart sound record/ings of diagnoestic qual-
Ity are provided by the 1506B Heart Sound
Amplifier used with the 1500A or 1511A
Electrocardiograph. The 1506B Is also an
indepandent slecironic stethoscope. $450.

1520A

The 1520A Vaciarcardlograph combinas
maximum versatility of display presenta-
tion with ease of operatlon: [solation of
cardiac waveform sections; cantrolled traca
(ntengity; pushbutton plane selegtion,
$2635,

1508A

The 1508A 3-channel ECG Amplifler ac-
copts one ot four plug-ln lead networks:
Frenk, Cube-Tetra, McFee Axial or com-
pined ECG-VCG. In systems, it provides
slmultaneous ECG signats for multipie out.
puts. $1350.
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1509A

The 1509A 6 channel ECG Ampilifier pro.
vides 21l 12 standard leads with two turns
of the salector switch, ar the three ortho-
gonal componeants of the Frank vactor sys-
tem. In systems. it provides ECG signals
for chart recording. computer analysls,
tape storage, scope display. $2350.

!

Studying feta) heart rate and its time re-
{ationship to lsbor activity with the 8020A
Cardiotocograph permits diagnosls of fetal
distress. External sensor function wlthout
disturbance to fetus or mother. $3750
{system).

8020A

7214A

Bewlett-Packarg's varsatile, safe and easy-
ig-uge 7214A Diagnostic Sounder—using
high frequancy-low ntansity ultragound—
has two operating modes: A-s¢an for mea-
suring fixed distances and Time-Maotion for
visualizlng moving structures. $3900.

1510A

The wversalile 1510A Electromyograph s
usod (or diagnosis, teaching and research.
With variable persistence, scope viewing
of EMG activity Is enhanced and displays
can be storad for later study or photog-
raphy. $3750.




TOTAL SYSTEM CAPABILITY
Clinical, Operating Room, Research
Recording and Display Instruments

The photograph at the right and the functional block
diagram below demonstrate the combination of Hewlett-
Packard signal conditioning, recording and display instru-
ments into an integrated system. These two configurations
are representative of many different systems, each of which
is specifically ortented to the needs of a particular operating
room, hospital laboratory or research center. Each system pro-
vides its own special advantages through a complete selection
of medical electronic instrumentation, Transducers, standard
instruments, cabinets and cabling are designed to be electri-
cally and mechanically compatible with each other. Hewlett-
Packard provides a single, highly-experienced source of total
system design, manufacture, and installation with a respon-
sibility for continued accuracy that is backed up with service
attention from people completely familiar with every system
element.

The system shown at the right is designed for the cardio-
vascular catheterizacion and research laboratory of an 800
bed hospital. It displays the waveforms of up to eight patient
phenomena simultaneously on the 17 inch oscilloscope,
photographically records eight variables (from dc¢ to 500
Hz), and records or reproduces seven of these on magnetic
tape. One of the system’'s important features is the Model
4681 A Control Section, which enables the operator to select
either the signal conditioner outputs or the tape recorded
data for display and recording and to regulate each signal
for uniform correlation among traces.

The systems engineering capabilities represented by the
block diagram are applicable to the monitoring and recording
requirements of a catheterization laboratory. Maximum in-
formation with minimum equipment and cabling in the
catheterization lab itself (dashed outline) are provided by
features such as waveform and numerical displays at each end
of the room; all patient signals are routed to the main parts
of the system in an adjoining room by a junction box pear

MEDICAL SYSTEMS

- N

350 Series Duat-Bay System

- S/

the table. The junction box can transmit up to 10 patient sig-
nals. In the block diagram the centrally located control panel
affords the operator convenient, complete control of the pre-
sentation of patient phenomena.
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MEDICAL SYSTEMS continued

PATIENT TRANSDUCERS |

JUNCTION
BOX
DENSITOMETER
(AUX. DC)
FLOWMETER
’ A (AUX. DC)

The installation shown on these pages is typical of the
latest complete monitoring systems designed and installed by
Hewlett-Packard. It includes the most appropriate signal
acquisition, visual display and recording elements for the
medical staff using the system and the types of procedures
contemplated. The system components are drawn from indi-
vidual instcuments shown on pages 60 to 67 and from
others described in the Research Instruments section of this
catalog.

A wide selection of systems Js avajlable to fit any user’s
physical location, operating conditions and choice of patient
phenomena to be monitored. Oscillographic recording equip-
ment can use, for instance, the thermal process for proven
reliability, the ink process for dependably clear, crisp traces
on Z-fold paper, or the optical process for a high frequency
range recording with overlapping traces, For versatile data
storage and playback, Hewlett-Packard analog magnetic tape
recording subsystems provide the number of direct or FM
channels the user needs (from 1 to 14), a voice channel for
spoken commeatary, and valuable options such as an endless
loop for repetitive playback and a remote control unit. Hew-
lett-Packard tape recording specifications conform to estab-
lished IRIG (Inter-Range Instrumentation Group) standacds
so that tapes can be replayed by hospital and research centers

RECORDING SYSTEM

L.V.|PUL|R.V.|AUX

4681A

CONTROL SECTION
(additional}

0 dD OID @ am

SYSTEM
RECORDER




MONITORS

560TA NUMERICAL DISPLAY
{4 channels)

768S
MONITOR
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(8 Channels)

6 0 0 00 00O

MICROPHONE

3900-SERIES MAGNETIC TAPE w

RECORDING SUB-SYSTEM
(7 or 14 Channels plus one edge track)

C1Qoo o

1308A
MONITOR SCOPE
(8 Channels})
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equipped with JRIG standard systems. Other optional capa-
bilities include 2 dye curve integcator for cardiac output
determination, analog-to-digital data conversion units for
entering the data into computer storage and oscilloscope and
numerical displays. Additional equipment can be incorpo-
rated into existing systems at any time, thus permitting the
installation to grow with monitoring requirements and ad-
vances in instrumentation. Systems are available in single or
multiple upright cabinets as shown, less cabinet for mounting
in standard RETM A enclosures ot in portable cases for trans-
portability.

Hewlett-Packard plans monitoring systems with a true sys-
tems engineering approach developed during 20 years of
experience. In designing a system, we recognize and stress
system performance under actual operating conditions and
the degeee of operator skill required, provide for servicing
and maintenance without distuption of the entire system, and
ensure positive safety for patient and medical staff alike.
Compatibility of each component in relation to all others is
given major attention. For a detailed system proposal and
cost estimate, contact your Hewlett-Packard medical field
representative. He will be glad to discuss your patient moni-
toring requirements for general or specialized surgical and re-
seacch procedures.
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AND
PLAYBACK
AMPLIFIERS

3603A AUTOMATIC
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{optionsa! with 3900)
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MEDICAL RESEARCH

350 and 760 Series

SYSTEM APPLICATION

Selecting Amplifiers and Transducers

APPLICATION RECOMMENDED PREAMPLIFIER COMPATIBLE TRANSDUCERS**
Anesthesia Level 350-2700C High Gain Preamplifier (using 2-lead ££G) 350-2700-C8 EEG Kit, 25 ft cable, electrodes
760-2700 High Gain Preamplifier (using 2-lead EEG)
Apex Cardiogram (ACG) 35032004 £CG/Genera! Purpose Preamolifier APT-16-1 Pulse Wave Transducer with
330-2700C High Gain Preamplifier T41-18 Power Supnly, 21050A Contact Crystal
Microphene and Adapter 21066A or
21051/8/C/D Putse Wave Transducer and
210664 Adapter
Auscultalion, Aural 350-1700C Heart )Sound Preamplifier no Phonocardio- 210504 Contact Crysial Microphone
grams)*
Ballistocardiogram (BCG) 350-32004 ECG/General Putpose Preamplifisr ASTRO-SPACE LABS Air Bearing Table
BOWEN & CO. Ballisto coi) and magnel
Blood Density (Oye Ditution using 350-10008 DC Preamplifier WATERS Densitometer X250
Densitometer) 350-2B DC Plug-in (used wilh 350-15004) WATERS Densitometar X300
350-2700C High Gain Preamgplifier GILFORD Densitomster 103 or 1031R
350-3200A £CG/General Purpose Preamplifies
760-1300 DC Preamplifier
Cardiac Output Corve 350-18 Thermal Difution Plug-in {used with 14012A Thermistor Probe, Model 130 Card.
350-1500A Comp.
Diastelic Pressure 7603100 Prassure Processor The 760-3100 must be ysed with the

760-3000. The readout 1s generally 3 S601A
of 782£A.

DC Yransdycer Applications

Same as Biood Density

Supplied by customer.

£lectrocardiogram (ECG.) 350-3A ECG/EEG Plug-in (used wilh 350-15004) One channel; 350-3200-C8 ECQ Kit, S leads,
for adult, animal, child 350-2700C High Gain Preamgpfifler 8t with elactrodes, straps, Redux creme.
350-3200A ECG/Geaeral Purpese Preamplifier (single Multichannel : Order 1069-04B £CG Panel and
£CG only) 8 wire patignt cabla 154-1100M-C2, overall
length 12 K.
760-1600 ECG Preamplifier Leads 1, 2, 3 only selecled on 760-40A and
760-41 Junction Boxes.
Electrocardiogram 350-3A ECG/EEG Plug-In (used with 350-1500A) 350-2700-08 EEG Kil, 25 ft cable, electrodes.
— Fetal 350-2700C High Gain Preamplifier
‘ Elettroencephalogram (EEG) 350-2700C High Gain Preamplifier 330-2700-C8 EEG Kit, 25 ft cable, electrodes
(2-lead E£G only) 760-2700 High Gain Preamplifiac %504200-03 and 760-40A or 76041 Junction
0,
| Electro Cautety Protection 760-40A Junction Box Cautery protection is provided for 3 5-wire
76041 Junction Box lead ECG cable and a 2-lead EEG in the
760-40A or 76041 Junction Box.
L Electrometry, Musele Tissue 350-2700C High Gain Preamplifier 35?6%; 2% g % Eaif N'l("' 2 |f - blde algctm des
; . M . icro-electrode adaplar,
L Blectromyogram (EMG), General 350-3700A Intageating Preamplifier of similat (25t fise tme nsutratized elactio-
Electromyogram, Small Muscle 350-2700C High Gain Preamplifies mete.
Electro-oculegram (EOG) 350-28 DC Plug-in (used wilh 350-1500A} 350-2700-C8 EEG Kil (connector must be
changed, zero Suppression required).
LEX!NGTON INSTRUMENTS £0G elaclrodes
(siiver/silver-chlaside sponge).
Flow 350-1)00CM Carner Prasmplifier 270 Transucer, = 25.4 mm Hg (=400 mm
—Alr 350-3700A Integrating Preamplifier R20) wil 10 ft cabla (pneomotach screen
and 1/8in. ID tube afso required —see
Respiratory Measurements).
Flow Same as Blood Density AVION|CS Elactromagnetic Flowmeler
—Liguids BIOTRONICS Electromagnelic Flowmetet

CAROLINA MEDICAL Electromagnetic
Flowmeter.

*Phonocardlograms on Optita) Systems only.

350-) 160CM

350-10008

350-1300C

**Hewiett-Packars Number or alternalive commercial soucce.

350-1500A/28

350-1500A/38

350.1500A/12

350-1500A/15



APPLIGATION

RECOMMENDED PREAMPLIFIER

COMPATIBLE TRANSDUCERS~

G¢ 3nic Skin Resistance (GSR) 350-12 Galvanic Skin Resistance Plug-In (used with (2) 9301-0157 PALMER Skin Elecirades plus
350-15004) I ea) 865-7476P1 Cable
865-7476P2 Cable
Gas Analysis 350-)0008 DG Preamplifies Carbon Dioxide : GODART Capnograph
350-1300C DC Coupling Preamplifler . (spegial cabla)
| 350-3200A £CG/Genera) Purpose Preamplifier Nilrogen: WATERS Nitrogen Gas Analyzer A7
| MED-SCIENCE ELECTRONICS Nitratyzar
Heart Rate, Average and 350-3400A Cardiotach Preamplifer (Direct from ECG) 350-3400-CS £CG Acces-
Heart Beat Time Interval sory Kil (3 leads)
‘With simultaneous ECG, or fram atteral
pressure, re%uires primaty prassc-e of ECG
equipmenl.r us one hsted °120 cacle:
8120-1024, Cable output, 21",
8120-0791, Cavble outpol, 45, 21it.
8120-1022, Cable oulput. 12 (4.
, 8120-1023, Cable oulpm, 20 f.
160-3A T Catdrotachomeler Plug-in (average heart Heart Rale aetermined from ECG 760-1€00 10 760-3A
rate only) Hean Rate determinzd from Pulse 760 -3000 to 760-3A
Rearl Rale determined {1om Plelhysmogragh
780-16 10 760-3A.
Heart Sound 350-1700C Heart Sound Preamplifier (aural auscultation | 21065A, Audiophone and either: ]
only) 62-1500-C16, Microphone (Dynam ¢ with
14085A Adapler of 210504, 7 zroph2ne
(Contact Crysta)).
Intra-cellular Potentials 350-2700C High Gain Preamphifies MEDISTOR Micro-electrode Amplifier A34
ot similar fast rise time neotralized electrometer.
Mean Pressure 350-1100CM Carnrer Preamplifier Carrier Amplifiers may be pot in the ‘average’
760-3000 Carreer Prezmplifiec mode {0 (¢80 mean pressure,
760-3100 Pressuie Processot The 760-3100 must be used wilh the 760-3000,
The teadout 1s generally a 56014 or J824A.
Nerve Potentials 350-2700C High Gain Preamplifier MEDISTOR Micra electrode Amplifiar A34 of
similar fast r1se bme neutralized alectromeler.
Nystagmogram 35052700(: High Gain Preamplifier 350-2700-C8 E££G Kit, 25 ft cable, electrudes,
wil
350-1500
and
350-3A |
Oxygen Perfusion during Anesthesia 350-2200C I Hioh Ga.n Preampliner 350-2700-C8 EEG Kil, 25 ft cable, electrodes.
Physiological Pressuras; 350-1500 wa Leve! Preamplifier 350-16 obtains input from arlecial pressure
— Arterial chenge In pressure with channel (350-1100CM Preamplifier) through
aver g period of time 350-16 DP/OT (Differenualor) Plug-in any 8120-Series cable, see Haarl Rale isling.
{DP/OT Ditferantiator) o _
r Physiological Pressures: 350-1]00CM Cattier Preamplifier 267AC Stngle-ended. — 100 to-+25C mm Hg,
—Arterial 7603000 Cattier Preamplilier 8fi1cable
2618C Differential — 10016250 mm Hg,
S flcable
12808 Transparen) Dome. Single-ended
— 4010 --250 mm Hg. 101t cable : exiension
| cables 6. 10, 15, 20, 25 and 50 L available.
Physiclogical Pressures . 350-1100CM Catrier Preamplifier 268A Single-ended, — 40 to -+40 mm Hg,
~Venous, Spina), 760-3000 Carrier Preamplifter 8ft cable
Gastro-intestinal, £sophage2! 2688 Differential, — 40 to +40 mm Hg,
3{t cable
1280C Transparent Dome, Single-ended,
. —40 ta~+ 250 mm Hg.
Plethysmogram, Body 350-1100 1 Carrler Preamplifier _ 270 Pressure Transducer (for 1/8in. 1D Tubing).

*Hewlett-Packars Number o¢ alternative commercitl jource.
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MEDICAL RESEARCH continucd

APPLICATION

RECOMMENDED PREAMPLIFIER

COMPATIBLE TRANSDUGCERS®

Plethysmogram, Limb- Digit

350-1100CM
350-2200C
250-3200A

Carrier Preamplifier
High Gain Preamplifier
ECG/General Purpose Preamplifiar

PARKS CO. Mercury-fitled Tubing with
Matchlnéc"wn Adapter

PARKS CO. Impedance Type Sensor with
Parks Special Interconnecting Sable.

Pneumogram

350-2700C
350-32004
350-1100CM

High Gain Preamplifier
£CG/General Purpose Preamplifier
Garrier Preamplifier

Poeumograph Attachment 108 with Pulse
Wave Altachment 210518/C/D

Pneumograph Attachment }08 with Pressure
Teansducer 270.

Pulmonary function Studies
- Flow

350-1100CM

wacrier Preamplifier
350-3700A

ntegrating Preamplifier

Flow (air) : 270 Transducer, 65)-Series

Pneumo Tach Screens (See Respiratory
Measuremenls),

Volume: (1) Use 35037004 1o derive volume
from aif flow measurements.
(2) 108 Pneumo Tach Attachment replaces
85) Seaes Paeumo Tach. Use 350-3700A to
derive volume from 350-1100CM output.

Putse Wave (carotid)

350-2200C

{lgh Gain Preamplifler
350-3200A

:CG/General Purpose Preamplifier

210518 Pulse Wave Attachmeni (phone
Iug-use with 760-40A Junction Box)
051C Pulseé Wave Attachment (5-pin A/N

connector)

APT-16-11 Pulse Wave Transducer (with

strap).

Respiratary Measuremenls

350-50008
and two
350-1100CM

Respiratory Preamplifter
Carries Preamplifier
volume from 350-80008
Flow from 350-1100CM
Prossure from 350-1)00CM
Resistance from 350-50008
Compliance from 350-50008

Resistance and Compliance can be deler-
mined by calculations Involving dala Irom
simultaneous recording of gsophageal pres-
sure and ai¢ flow, When using 360-50
Respiratory Preamplifier, determination can
be made directly from a recorder with the
following Preumo Tach Screens; measure-
ments are in hiters per minute; 270 Traas-
ducer also required, see Flow, Air:
SmallAmmaI(Cone) 551-288C. 25L,0.2in.2,
D.5in. H,0 pressure drop.
Children
(Cone) 851-266C, 0L, ).0in2,0.3in.
(Mask) 651-266M,  H70 pressure drop.
Sedeatary Adults
(Cong) 651-267C,  180L, 2.01n.20.24 0.
(Mask) 51-267M. R0 pressate drop.
Working Adults
(Cong) 651-28SC,  600L, 7.0in.2, 0.3in,
(Mask) 651~285M  Ha0 pressure drop.
tax Breathing 61-286 ,500L,12.540.2,0.27 in.
Capacily Hzooressm dmp

Respiration Rate

760-2200 Respiratian Rate Preampfifler

21114A Respiration Rate Transduce¢

Systelic Pressure

760-3100 Pressure Precessor

The 760-3100 must be used with the
760-3000. The readoui is generally 2 S5014
or 78244,

Temperature, Body

350-1100CM Carrler Preamplifier (with 760-53 Tempera-
ture Bridge)

Cartiet Preamplifier

760-53 Temperzhure Bridge, range of 20°C
10 44°C, balanced at 37°C (88.6°F
Full range of compatible probes and cables
availadle, including new Air Temperaturse
Probe, Model 21056A.
Please request technial data on 760-53 for
complete information on B11dge and Probes.
760-20 Monitor Mater, meter indicator foc
visual temperature mamlonng Wall of bench
mount,

~~ s -~ % e
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OSCILLOGRAPH RECORDING
Instantaneous, permanent, rectilinear
Thermal, ink, optical

MEDICAL SYSTEMS

I

\ 7714A

4 |

) 77128 y 7718A

J/

7712B two-channel recording system
The 7712B two-channel thermal recording system features
mobile cart mounting to facilitate clintcal and research appli-
cations of the system. [t is also available in portable case or for
rack mounting. Any two of the versatile 350 Series Plug-in
Preamplifiers may be used as signal conditioners. Recording
channels are S0 mm wide with a frequency response from dc
to 125 Hz, unless limijted by che preamplifier. Pushbutton se-
lected chart speeds of 1, 5, 20 and 100 mm/sec are standard
with 2.5, 5, 25 and 500 mm/sec speeds on Options 10 and 11.
Marker on right margin for 1-second timing js standard; 2
second optional event marker can be mounted between channels
1 and 2.
Power requirements; 113 V, 60 Hz, 200 warts.
Sizer recorder 14 high, 197 wide, 17% " deep {356 X 483 x 438 mm); ¢art
397 high, 26% " wide, 204" deep (597 x 179 ¥ $20 mm).
Welght: in cart, net 130 1bs (38,5 kg); shippiag 172 ibs (77.2 kg); recorder
only, 60 Ibs (27,2 kg).
Price: HP Model 7712B, less preamplifiers, $1970.
7714A four-channel recording system
The 7714A four-channel thermal recording system for use
with any four 350 Series Plug-in Preamplifiers is complete in
its fully enclosed upright cabinet. It is also available without
cabinet for rack mounting. The system features a horizontal
charst table for easier notation on the recording. The four re-
cording channels, each 50 mm wide, provide a recording re-
sponse from de¢ to 125 Hz unless limiced by the preamplifier.
Mechanically selected chart drive speeds of 0.25, 0.5, 1, 2.5, §,
10, 25, 50 and 100 mm/sec are standard. Right margin cme
marker provides L sec timing marks from built-in timer, manual
and remote marking possible; second event marker can be in-
stalled between channels 1 and 2 for remote marking; also
solid state marker driver amplifiers for dc event marking are
available.
Power requirements: 115 V, 80 Hz, 350 watts.
Size: 7214 high, 24”7 wide, 26” deep excluding base (1842 x 410 x 660 mm).
3614 ” deep with base (927 mm).
Welght: et 473 1bs (214 kg); shipping 569 lbs (236 kg).
Prica: HP Model 7714A, less preamplifiers, $3970.
7716A six-channel recording system
The ?716A six-channel Thermal Recording System is de-
signed to operate with any six of the 350 Series of Plug-in
Preamplifiers as a single cabinet-mounted system. It is also
available in portable cases and for rack mounting. The system
features a flush-front recording drive to allow observation of
the recording as it is being made. The six recording chanaels,
each 50 mm wide, record from d¢ to 125 Hz unless iimited by
the preamplifier. Speeds selected electrically by pushbutton are:
0.25,05,1,2.5,5,10,25,50 and 100 mm/sec. Right margin time
marker provides 1 sec timing marks; provision for manual or
remote event marking from external contact closure; "D" ver-
sion recorders provide 1 sec and 1 min timing mackers; optional

second evenr marcker can be installed between channels 1 and 2

and actuated by external contacts; also, solid state marker driv-

er amplifiers for d¢ event marcking are available.

Power requlrements: 115 V, 60 Hz, 300 watts.

Size: 7214 ” high, 247 wide, 26” deep excluding base (1842 x 610 x 660
mm), 3647 with base (927 mm).

Welght: nct 574 Ibs (259 kg); shipping 670 lbs (302 kg).
Price;: HP Model 7716A. less preamplifiers, 83323,

77178 six-channel recording system

The 7717B six-channel Thermal Recording System features
a visual display facility for one to four channels (HP Model
780-6A Opt 01 Scope) as a unified system complete in one up-
right cabinet. The system operates with any six of the 350
Secries of Plug-in Preamplifiess. Each recording channel is 50
mm wide and provides a response from dc to 125 Hz unless
limited by the preamplifier. Speeds selected electrically by push-
button are: 0.25, 0.5, 1, 2.5, 5, 10, 25, 50 and 100 mm/sec. Right
matgin timer marker provides 1 sec timing marks; provision
for manual or remote event marking from external conract clo-
sure; “D” version recorders provide 1 sec and ! min timing
markers; optional second event marker can be installed between
channels 1 and 2 and actuated by external contacts; also, solid
state marker driver amplifiecs for dc event marking are avail-
able. ECG Input Panel (buffer amplifiers) optionally available,
Power requirements: 115 V, 60 Hz, 970 watts,
Slze: 7247 high, 24”7 wide, 26" dcep excluding base (1842 x 610 x 660

mea), 36% " with base {927 mm).

Weight net 390 1bs (266 kg); shipping 686 lbs (309 kg).
Prica: HP Model 7717B, less preamplifiers, 86400.

77 18A eight-channel recording system

The 7718A eight.channe!l Thermal Recording System pro-
vides the advantages of eight recording channels on one chart
with 2 wide response from dc to 150 Hz unless limited by the
preamplifiers. This provides a maximum of recording facilities
to add flexibility to both clinical and research applications and
furnish a maximum amount of recorded data for any one ob-
servation. Each channel is 40 mm wide (50 div). The system
operates with any eight of the 350 Sertes of Plug-in Preampli-
fiers. Electrically selected speeds by pushbutton are: 0.25, 0.5,
1, 2.5, 3, 10, 25, 50 and 100 mm/sec. Right margin marker pro-
vides 1 sec timing marks; provision for manual or remote event
marking from external contact closure; "D’ version recorders
provide 1 sec and 1 min timing markers: oprional second event
marker can be installed between channels 1 2and 2 and actuated
by external contacts; also, solid state marker driver amplifiers
for dc event marking are available. The system is also available
in portable cases and for rack mounting.
Power requirements: 115 V., 60 Hz, 530 watts.
Size: 7214” high, 247 wide, 26”7 deep excluding base (1842 x 610 x 660

mm), 363 with base (927 mm).

Waelght: net 532 Ibs (240 kg); shipping 628 Ibs (283 kg).
Pricg: GP Model 7718A, less preamplifiers, $6330.
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MEDICAL SYSTEMS continued

77198 - 7721A

45688

/

77228

7719B eight-channel recording system

The 7719B eight-channel Thermal Recording System features
a visual display facility as a standard part of the complete sys-
tem. This facility is designed around a cathode ray oscilloscope
and may be used for the display of vectorcardiographic loops
or for showing other physiological phenomena such as ECG,
EEG, pulse waves, etc. The entire system is complete in one
upright cabinet and includes provisions for inserting any selec-
tion of eight 350 Series Plug-in Preamplifiers. Each cbannel js
40 mm wide (50 div) with a recorded frequency response from
dc to 150 Hz unless limited by the preamplifer. Electrically
selected speeds by pushbutton are: 0.25, 0.5, 1, 2.5, 5, 10, 25, 50
and 100 mm/sec. Right margin rimer marker provides 1 se¢
uming marks; provision for manual or remote event marking
from external contact closure; D" version recorders provide
1 sec and } min timing markers; optional second event marker
can be installed between channels 1 and 2 and actuated by ex-
ternal contacts; also solid state marker driver amplifiers for dc
event marking are available.

ECG Input Panel (buffer amplifiers) optionally available.

Power requiraments: 115 V, 60 Hz, 950 waas.

Size: 724" high, 24" wide. 267 deep excluding base (1842 x 610 x 660
mm). 36" with base (927 mm).

Weight: net 532 Ibs (240 kg); shipping 628 Ibs (283 kg}.

Price: HP Model 7719B, less prearoplifiers, $7325.

7720A eight-channel recording system

The 7720A eight-channel Thermal Recording system operates
with any eight 350 Preamplifiers. The system features a hori-
zontal chart table for easier notation on the recording. Multi-
channel recording furnishes maximum comparative informa-
tion on its chart for clinical or research measurements. Re-
cording channels are 40 mm wide (50 div), with a recorded
response from dc to 150 Hz, unless limited by the preamplifier.
Elecrrically selected chart speeds ate 0.25, 0.5, 1, 2.5, 5, 10, 25,
50 and 100 mm/sec. An ECG loput Panel with buffer ampijifiecs
is optional.

Power requirements: {15 V, 60 Hz2, 950 walts.

Size: 72%;” high, 24" wide, 267 deep excluding base (1842 x 810 x 660
mm), 36147 with base (927 mm).

Weight: net 532 I1bs (240 kg); shipping 628 Ibs (283 kg).

Price: HP Model 7720A. less preamplifiers, $66%0.

7721A six-channel recording system

The 7721A six-channe]! Thermal Recording System operates
with any six 350 Preamplifiers. The system features a horizontal
chart table for easier notation on the recording. Multi-channel

recording furnishes a maximum amount of information on the
chart for clinical or research measurements. Recording chan-
nels are 50 mm wide (50 div), with a recorded respoase from
dc¢ to 123 Hz unless limited by the preamplifier. Electrically
selected chart speeds are 0.25, 0.5, 1, 2.5, 5, 10, 25, 50 aad
100 mm/sec. An ECG Input Panel with buffer amplifiers is
optional.

Power requirements: 115 V 60 Hz, 950 watts.

Slze: 724" high, 24” wide, 26”7 deep excluding base (1842 x 610 x 660
mm). 36147 with base (927 ma).

Weight: net 532 Ibs (240 kg) : shipping 628 )bs (283 kg).

Price: HP Model 7721A. less presmplifiers, $3620.

77228 eight-channel recording system

The 7722B eight-channel Thermal Recording System op-
erates with any eight 350 Preamplifiers. The system features a
horizontal chart table for easier notation on the recording. Mul-
tichannel recording furnishes a maximum amount of informa-
tion on the chart for clinical or research measurements. Re-
cording channels are 40 mm wide (50 div), with a recorded
response from de to 150 Hz unless limiced by the preamplifier.
Electrically selected chagt speeds are 0.25, 0.5, 1, 2.5, 5, 10, 25,
50 and 100 mm/sec. It also contains a 780-6A 4-channel scope;
an ECG Input Panel with buffer amplifiers is optional.

Power requirements: 115 V, 60 Hz, 950 watts.
Size: 7214” high, 24" wide, 267 deep excluding base (1842 x 610 x 660

mm). 36%” with base (927 mm).

Weight: net 532 Ibs (240 kg): shipping 528 1bs (283 kg).
Prica: HP Model 77228, less preamplifiers, 87728.

4568B photographic recording system

The 4568B Photographic Recording System features the
same optical photographic recorder used in the 4561B and
4564B systems, operating with any eight of the 350 Series of
Plug-in Preamplifiers to provide separate or overlapping chan-
nels of wide-range data recording. Use of all eight channels
provides a thorough presentation of physiologic events and
their waveforms, as they may occur in clinical investigation of
2 patient or in research-oriented experimentation on a subject.
The wide frequency range from dc to 500 Hz (unless limited
by the preamplifier) permits extensive small-animal investiga-
tion, as well as routine recording of such high frequency vari-
ables as heart sounds and electromyographic potentials. Other
ranges available on order.

Power requivements; 115 V, 60 Hz, spprox. 1000 wakts.

Slza: 7214 high, 24” wide, 26” deep excluding base (1842 x 610 x 660
mm). 36V, with base (327 mm).

Woelght: net 456 1bs (216 kg), shipping 552 ibs (248 kg),

Price: HP Modcl 4568B, less preamplifiers, $5160.
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45618 Monitor recording system

The 4561B system features a wide-range, four-channel op-
tical recorder (Rapid Developer optional), plus a multichannel
large-screen monitoring oscilloscope. The recorder, with its eight
manually-selected chart speeds (2.5 to 200 mm/second; 5 to
100 mm/second with Rapid Developer), uses either 6 inch
wide, 200 foot long bromide recording paper or (with Rapid
Developer) a 6 inch wide, 175 foot long roll. Paper is dark-
room-loaded, exposed in the cecorder under normal room il-
lumination, then developed in the darkroom or by Rapid De-
veloper 563. Beams may be superimposed or separated into
their individual portions of the chart. Amplitude and timing
lines are recorded at the same time as the data, with the timing
lines being controlled by an independent synchronous motor.
Recorded frequency response extends from dc to 500 Hz (other
ranges available) unless limited by the Preamplifier. The moni-
toring oscilloscope is the same as used in the 7734A, and pro-
vides the same features. The system accepts any six 760 Series
Preamplifiers; the output from four appears on the oscillo-
scope and recorder, leaving two channels for other display
devices or for mounting other plug-in units,

Power requirements: 113 V, 60 Hz, 650 wans,

Size: 721" high, 24”7 wide, 26 deep cxcluding base (1842 x 610 x 660
mm), 3644 with base (927 mm).

Welght: net 408 Ibs (184 kg). shipping 333 1bs (240 kg).
Price: HP Model 45618, less preamplifiers, $4765.

4564B photographic recording system

The 4564B Photographic Recording System features the
same optical recorder as the 4561B systern, but utilizes the
mere versatile series of 350 Plug.in Preamplifiers which per-
mit recording an extensive variety of physiologic phenomena,
at a frequency range from dc o 500 Hz or as limited by the
preamplifier (to 1 kHz with 350-1700C). Rapid Developer
563 (optional) provides the advantages of wide-range optical
recording without the delay of darkroom processing before the
final recording may be used.

Power requirements: 115 V, 60 Hz, approx. 770 watts.

Size: 724, ” high, 24” wide, 26" deep excluding base (1842 x 610 X 660
mm), 3647 with base (927 mm).

Welght net 458 |bs (216 kg), shipping 334 1bs (252 kg).
Price; HP Model 4564B, less preamplifiers, $3435.

7723B six-channel recording system
The 7723B six.channel Thermal Recording System operates

with any six 350 Preamplifiers. The system features a hori-
zontal chart table for easier notation on the recording. Multi-
channel recording furnishes maximum comparative information
on its chart for clinical or reseazch measurements. Recording
channels are 50 mm wide (50 div), with a recorded response
from dc to 125 Hz, unless limited by the preamplifier. Elec-
trically selected chart speeds are 0.25, 0.5, 1, 2.5, 5, 10, 25, 50
and 100 mm/sec. [t also contains 2 Model 780-6A four-channel
scope; an ECG Input Panel with buffer amplifiers is optional.

Power reguirements: 115 V, 50 Hz, 950 watts,

Size: 72347 high, 247 wide, 26”7 deep excluding base (1842 x 810 x 660
ma), 3647 with base (927 mm).

Waelght: net 532 Ibs (240 kg); shipping 628 Ibs (283 kg).
Price: HP Model 7723B, less preumplifiers, 36493,

4508BT ultra-violet recording system

The 4508BT system featuges a special ultraviolet sensitive
recording paper whose latent image may be developed simply
by exposure to fluorescent tllumination. The chart paper roll
may be loaded under nosmal room lighting, and is developed
by the built-in post exposure fluorescent lamp, so the multi-
channe] data may be viewed 2 few seconds after it (s recorded.
The system uses any eight of the 350 Series Preamplifiers, for a
recorded frequency response from de to 500 Hz (to 1 kHz with
350-1700C) unless limited by the preamplifier. The recorder
provides nine pushbutton selected speeds from 2.5 to 1000
mm/sec. Data channels may be separate or may overlap to the
full width of the eight inch chart. Time and amplitude lines
are recorded with the dara for maximum accuracy.

Power requirements: 115 V., 60 Hz, approx. 1600 wauts.

Size: 724" high, 24" wide, 26” deep excluding base (1842 x 610 x 660
ma), 361%” with base (927 mm).

Weight: net 190 Ibs (85,3 kg), shipping 250 lbs (113 kg).
Price: HP Model 4508BT, less preamplifiecs, $7100.

7734A Monitor recording system

The 7734A system features a complete, multichannel, 1314
X 10” (viewing area) oscilloscope for dara presentation, with a
four-channel data recorder having a d¢ to 125 Hz response
(unless limited by Preamplifier}. Oscilloscope sweep speeds ace
3, 6 and 12 mm/second, automatic or manual, plus 30 mm/
second manual, on a Jong pessistence screen. The thermal ce-
corder makes an instantaneous record of four 50 mm chanaels
at a mechanically selected 0.25, 0.5, 1, 2.5, S, 10, 20, 50 or 100
mm/second chart speed. The system uses any six 760 Series
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Preamplifiers: the output from four appears on the oscillo-
scope and recorder, leaving two channels for other display
devices or for mouanting other plug-in units.

Power requirements: 115 V, 60 Hz, 600 watts.

Size: 7214” high, 24”7 widc, 26” decp excluding base (1842 x G10 x 660
mm), 36" with base (927 mm).

Welght: nec 408 1bs (184 kg). shippiag 504 Ibs (223 kg).

Price: HP Model 7734A, less preamplifiers, $4980.

4689A remote monitor oscilloscope

The HP 4689A Remote Monitor Oscilloscope ¢an accept, by
option, either an 8-channel gating amplifier for 8 data channels
or a 4-channel gating amplifier for 4 data channels. By dis-
playing the data simultaneously on a 17 inch screen, the 4689A
serves as a valuable visual monitoring adjunct to HP multi-
channel recording systems. The 4-channel monitor can be used
only with systems thac accept 760 Prearaplifiers; the 8.channel
monitor can be used with systems that accept 350 or 760 Pre-
amplifiers and with 780 Patient Monitoring Systerns. The
4689A is invaluable for large screen monitoning in OR or
catheterization laboratories, for teaching purposes and for re-
search applications.

Automatic sweep speeds for the oscilloscope are 3, 6, and
12 seconds; manually controlled speeds are 3, &, 12 and 30
seconds. The large screen provides ample toom (1314 top to
bottom) for clear, well-separated presentation of multiple
waveforms. A 10-division graticule facilitates amplitude mea-
surements. A Polaroid® flter minimizes intecference from room
lighting. Controls on the gating amplifier permit adjustment
of each signal for position at any level on the screen and for
seasjtivity of up to 2 inches deflection on the scope, for each
centimeter on a direct writing recorder.

Power requirements: 115 V, 60 Hz, 275 wates (8 chaanels): 113 V, 60 Hz,

185 wates (4 channels).

Size: 20%,” high, 21%4 " wide, 21%4* decp (746 x 540 x 540 mm).
Welght: ne: 115 lbs (8 chanaels); net 112 Ibs (4 chabnels),

Price; HP Model 4684A (4 channel gating amplifier), $32%, HP Mode)
4§88A (8 channel gating amplifier), $700. HP Model (6B9A. $1675, Com-
bu}e price of gating amplifier with price of 4689A to obtain toral system
price.

7868A ink recording system

The 7868A System is an eight-channel, modulared pressus-
ized ink recording system designed for medical applications. It
fearures Z-fold chart paper for instant access to any part of
the recording. This feature facilitates observation of physio-
logical variables to assess experimental trends or to decide on
immediate action, The chart can be copied by any method, with
the uniform trace width giving exceptional clarity even at
high frequencies.

The 7868A Systern uses up to eight Hewlett-Packard 350

Series Preamplifiers to provide a capability to fit your special
requirements from temperature to EEG applications. Any com-
bination of preamplifiers can be used, and it is easy to change
the function of an individual channel by loosening two front
panel thumbscrews and replacing the preamplifier with a
different model.

Because the system translates patient phenomena into vis-
ible waveforms it logically includes everything from sensing
the data at the patient to providing a chart, or other output,
for the observer, The applications of a 7868A System are deter-
mined mainly by its transducers and preamplifiers. Each trans-
ducer picks up a physiological variable from the patient and
couples it, electrically, 1o a preamplifier, which conditions the
signal for one channel. The preamplifier output is applied to 2
power amplifier that drives the recording pen for that channel.
From the preamplifier output on, all eight system channels are
identical,

The 786BA System, which features complete control of the
variables to be recorded, also provides many new operator con-
veniences. Any part of the record is immediately accessible
with Z-fold chart paper. The paper, numbered at intervals,
provides its own refereace within the recesding and indicates
the amount of paper remaining.

The Z-fold chart paper is perforated so thac any sheet can
be readily removed. Z-fold chart paper can be stored fizt or filed
in book form by punching and binding the sheets into such
documents as medical reports, laboratory notebooks, and formal
publications. Rolls or Z-fold packs can be installed without
paper threading in less than one minute.

Fourteen chast speeds (including srandard 25 mm and 50
mm/second speeds) permit convenient matching of the chart
speed to the waveform being recorded, for easier reading. These
chart speeds range from 0.025 mm to 200 mm/second.

The low pressure ink supply is modulated to match the re-
cording pen velocity and charc speed, assuring sharp, constant-
width traces over all points of the signal waveform.

The recording fluid, 2 permanent blue ink that dries rapidly
on contact with the paper, permits high resolution copying of
recorded data. The fluid comes in a disposable plug-in cart-
ridge that supplies over 1000 miles of recorded line, and which
can be replaced from the front of the system without stopping
the recorder. A light indicates when the cartridge must be re-
placed.

Power requirements: 115 V, 66 Hz, 350 watts (less preamplifiers).

Size: 721%” high, 24" wide, 26” deep excluding base (1842 x 610 x 660
mm), 364" with base (927 mm).

Welght: 556 lbs (249 kg). in cabinec wirh represenative group of 350 Pre-
ampliers.

Prics: 7868A system, less preamplifiers, $10,350.




MAGNETIC TAPE RECORDING

Moderate cost, system compatible
Models 39078, 3914B, 3917B, 3924B

System performance:

HP 3900 Series magnetic tape record/reproduce systems
(see page 177 for specifications) are available with 7 or 14
analog data recording channels plus: one edge track for re-
cording voice commentary or timing information, six standard
speeds from 178 ips to 60 ips, and choice of plug-in circuit
cards for direct, FM or pulse mode recording. Low cost elec-
tronics incorporate both record and reproduce functions on the
same circuit card. Low bandwidth systems (3907B, 3914B)
have a maximum frequency response in direct mode of 100
kHz; intermediate bandwidth systems (3917B, 3924B) have
a response 0 250 kHz. Systems are housed in mobile cabinets,
as shown at right, in portable cases, or unmounted for in-
stallation in RETMA standard cabinets.

Performance of these systems is compatible with the widely
accepted standards of the Inter-Range Instrumentation Group,
permitting the playback of 3900 Series tapes on other com-
patible systems, aad vice-versa. Representative specifications
include: 0.2% pp flutter (dc to 200 Hz, ac 30 and 60 ips);
extremely low interchannel crosstalk, even when direct and FM
channels are mixed on the same head stack; ac least 40 dB
signal-to-noise ratio; direct connection of single-ended inputs
from 0.5 to 10 V rms (direct) and #1.2 to =3 V pp (FM),
20 K input resistance.

System features:

An important advantage offered by the 3900 Series tape sys-
tems is the compatibility of the tape systems to the many
Hewlett-Packard medical signal conditioners and signal dispiay
instruments. Standardization of connectors and cables for Hew-
lett-Packard medical instrumentation has made chis possible.
Standard cables connect the output of such instruments as the
1508A. 1509A Multichannel ECG Amplifier or the 1510A
Electromyograph to the tape system. Similarly, connecting
cables are awvailable for Hewlert-Packard multichannel ink,
thermal, optical or ultraviolet medical recording systems; tape
playback signals are conveniently displayed on the multichannel
5601A Numerical Display, 7688 Oscilloscope or rhe 1309A
Monitor. This compatibility is augmented by other benefits
such as ease of rape reel loading, system alignment without
elaborate equipment or special skills; rapid location of data
by 2 precision tape {ootage counter; maintenance-free transport
except for periodic cleaning of magnetic heads 204 tape guides;
availability of optional tape speeds; and purchase of only those
circuit plug-ins needed for the desired operating mode. A com-
plete list of accessocies is available for the tape systems, includ-
ing the 3907-11A Remote Control Unit shown, and the 3907-
04B, 3914-04B Loop Adapters for repetitive playback of up to
125’ lengths of magnetic tape,

Medical applications:

The 3900 Secies magnetic tape systems are valuable tools
for research, training, and diagnostic studies, Catheterization
laboratories and operating room installations typically include
one or more tape recorders in data acquisition systems. Com-
plete pracedures can be recorded on zn unatrended 3900 tape
system which provides 8 hours of recocding time at 1% ips
tape speed. Tapes can be played back up to 32 times faster
than when recorded to facilitate viewing or analysis of slowly
changing variables.

MEDICAL SYSTEMS

T T
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’

3900 Series Magnetic Tape System
in vertical mobile cabinet

3907-11A
Remote Control Unit
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NUCLEAR

Hewlett-Packard offers research grade in-
struments for measurement of nuclear radia-
tons. Important characeristics of nuclear
radiations are their energy, angular distribu.
tton, and time relationships. Electronic pulse
techniques ate used for assessing and re-
cording these characteristics.

Pulse spectrometers start with a radiation
detector capable of producing an electrical
pulse with amplitude related to the energy
of the incident radiation. These detector sig-
nals are further amplified and are shaped
suitably for analysis. Finally, the shaped
pulses are sorted according to size or 1o time
of arrival and are counted. A spectrum show-
ing numbers of pulses vegsus energy consti-
tutes the output information. Hewletr.Pack-
ard Nuclear offers instruments capable of
serving in each one of these areas: detectors,
amplifiers, scaler-timers, multichannel ana.
lyzers, automacic sample changers, and re-
corders.

The area of greatest interest for Hewlect-
Packard's instroments lies with research
physicists and chemists, with teachers, and
with specialists in nuclear medicine. The
Hewlett-Packard packaging format wtilizing
modular design and a unique systems ap-
proach brings real benefits for customers who
need complex systems adaptable to a variety
of measurements.

Hewlett-Packard  scintillation  detectors
find application for measuring gamma or
X-radiarion from solids or liquids, The ap-
propriate model can be selected for sample
size and for either planchet or test tube
counting. The Nal(Tl) ceystal aad a
preamp-amplifier arc housed In 2 sturdy
case. Or, where 2 separate preamplifier is
needed, Hewlett-Packard offers a versatiie
unir capable of serving with a variety of
detectors including semiconductor, gas pro-
portional, Geiger, and scintillation.

Hewlett-Packard scalers  accept pulses
from a wide variety of nuclear detectors to
accumulate, display and record nuclear
events.

The Hewleit-Packard Multichannel Ana.
lyzers are the fastest, most accurate, more
versatile systems available for spectrum
analysis.

In the AEC-NBS standard configuration,
Hewlett-Packard offers the NIM Series of
nuclear instrument modules: a power sup-
ply and combining case, a linear amplifier,
a single channel analyzer, a scaler-timer,
and timing uaits. Soon these will be joined
by other modules presently under develop-
ment,

Nucjear counting systems built around
Hewleit-Packard automaric sample c¢hangers
or manual changers offer capability to count
a B, and y. Backgrounds for counting are
the lowest available, up to 120 planchets
can be counted in one loading, and the

E’ﬁ NUCLEAR INSTRUMENTATION

N I 4 PREAMP
—/I tj\_ DETECTOR P HPEES4A
RAD(O
(SOTOPE
*HOUSED AND
POWERED BY
THE 5580A/8
NIM POWER SUPPLY
SINGLE
ol aNeARS —ol  CHANNEL SCALER-TIMER
HP5582A ¢ ANALYZER g HPSB30A*
HP3583 *
Figure 1. Nuclear system block dizgram.
printed record includes complete informa- NIM Series

tion: count, time, and sample number.

Systems capability

Hewlett-Packard offers a unique systems
capability among nuclear instcumentation
manufacturers: witness to this is the catalag
you are now reading, filled with data acquisi-
tion and recording insuuments and systems
of every type. This in-house capability brings
the customer an important beeefic. His in-
strumentation interface problems are for the
most part eliminated entirely, and those thar
remain can be completely solved on an engi-
necr-to-engineer basis within Hewlett-Pack-
ard where technical details can be exchanged
in full.

Spectrometer systems—single
channe} analyzer

The basic nuclear instrumentation system
Hewlett-Packard offers for counting nuclear
events with use of a single channel analyzer
is shown in Figure 1. It is 4 complete sys-
tem for detecting, counting, and displaying
gamma radiation. All systems for counting
nuclear events contain these basic instru-
ments, although they may be packaged dif-
ferently. The Hewlett-Packard packaging
format, utilizing modular cabinets, provides
for the widest possible range of applications.
Instruments are grouped so that they may
be used to count almost any type of nuclear
event if the proper detector is used,

With the HP $583A Single Channe] Aqa-
Iyzer or the 52011 Scaler-Timer operated in
pulse height analysis mode, that is in the
"narrow window-—AE mode,’ the system
may be used for counting all pulses with
heights falling within 2 window having a
width calibrated between 0 and 0.5 volr.
With this narrow window, the user is able
to easily analyze the photo peaks of radia-
tion samples.

Hewlert-Packard now has in production
six instruments in the AEC-NBS standard
configuration: the 5580A/B NIM Power
Supply (a combining case and supply), the
5582A Linear Amplifier, the $583A Single
Channet Analyzer, the 5584A Dual Timing
Pickoff, the 5585A Fast Coincidence, and
the 5590A Scaler-Timer.

The AEC-NBS standard configuration is
a concept aimed at reducing the experi-
menter's interface difficulties. A typical
physics experiment requires a ratber large
array of equipment; interface problems often
reseit. An AEC-NBS committee took these
problems in hand and has formulated 2 set
of srandards (TID-20893) for compatibiliry
in size and \oltage requirements among in-
struments.

The 5580A/B NIM Power Supply pro-
motes trouble-free operation of the modular
instruments it houses and powers by provid-
ing hefty power capability, blower cooling,
and protection circuits, In addition to *24
V and =12 V. the S580A/B also supplies
*6 V. Many modular Instruments utilize
integrated circuits, and many of these re-
quire =6 V. An efficient blower forces air
through each module and also through the
supply itself.

The $582A Linear Amplifier provides
maximum flexibility for nuclear pulse count-
ing with all types of detectors and with 2
wide range of couvating rates. RC shaping
(ime constants, selectable by front panel
switches, allow the experimenter to choose
the optimum pulse shape for the detector
and preamplifier he is using. In addition to
RC shaping. there are two plug-in delay lines
for shaping. The 5582A provides single or
double differentiation and also integration,
and gain is variable from 2 to 1280.

The 5583A Single Channel Analyzer has
two basic modes of operation: single chan.



nel for pulse height analysis and dual inte-
gral where the discriminators operate as
completely independent integral discrimina-
tors. The $5383A offers 200 nanosecond
muldple pulse resolution, and surobed and/
or gated operation.

With the aid of the 5584A Dual Timing
Pickofi and the $585A Fast Coincidence,
the experimenter ¢an make precise time as
well as pulse height information the basis
for his nuclear studies. The 5384A offers
leading edge or zero crossing detection in
each one of two independent channels. The
5585A accepts up to four channels of in-
formation and has meaningful resolving
times down (0 one nanosecond.

A key unit in nuclear counting systems
is the scaler-timer thar totalizes the pulse
count. The 5590A Scaler-Timer has a highly
readable display of lighted digits and com-
bines scaling and timing for the same mea-
surement. Both count and time can be pre-
set, and pulse resotudon is 100 ns. Auto-
matic or manual operation and printer output
are included.

Automatic nuclear counting
systems

Buiit around the 5560A Automatic Sam-
ple Changer, the Hewlett-Packard Nuclear
Counting Systems bring ultra-low back.
grounds (down to 0.1 count pér minute)
¥o meet the needs of ¢ @3 counting of low
activity samples. More reliable and far faster
counting of muldple samples is possible
with these systems. The 5S60A bhas a 120
sample capacity, with a manuval drawer for
interrupting the automatic mode at any rime,
This changer s ideal for use in health
physics, on-site reactor environmental moni-
toting, bio-scientific studies and chemical
investigations.

The 5560A's modufar design lets the
user virrually design his own counting
system. He can use scintillation detec-
tors for v couating, or even for 8.y or
v,y coincidence work. Modular design lets
the user build up his system unit by unit,
starting with a manual changer for example,
yet looking toward a furure system that is
automatic and computer-compatible.

Applications in nuclear medicine

Hewleu-Packard offers the means o ac-
quire and analyze z mass of measurement
date—and to give the nuclear medical spe-
cialist results in a form that is directly use-
ful.

To nuclear medicine, Hewlet-Packard
brings more chan 25 years of electronics
experience, With a Hewlett-Packard system
made up of components thac are field proven
end reliable, and pur together by a team of
experts, the nuclear specialist need not
worry about such matters as time constants,
frequency response, linearity, impedance
macching, systems and line noise, cabling

and grounding, overload recovery, count
rate shift-—all problems that Hewlett-Pack-
ard’s nuclear instrumentation engineers <an
solve for him.

Multichannel analyzers

The Hewlett-Packard Multichannel An-
alyzers rapidly record complete energy spec-
tra by simultaneously registering data into
up to 4096 or even mote memory channels,
The resulting spectrum, in the form of a
histogram plot with the number of cvents
as a funcrion of energy (pulse height, volt-
age, time), can be displayed "live” during
accumulation, or after,

Multichannel aonalyzers, first developed
for nuclear physics research and today wide-
ly used also for analyzing mixtures of radio-
nuclides, have a host of potential applica-
tions ia many other areas.

The Hewlete-Packard analyzers, described
on the next six pages, are extremely versatile
instruments, The 5401A offers three modes
of opetation: pulse height analysis, sampled
voltage analysis, and multichaane] scaling.

In Pulse Height Analysis mode, the MCA
accumulates a pulse height distribution. In
Sampled Voltage Analysis mode, the 5401A
continually monitors an input waveform,
samples it on command, and processes wave-
form amplitude at that instant as though it
were 2 pulse, Result is a plot of the prob.
ability density function of the signal. In
Multichannel Scaling mode, the 5401A se-
quentially addresses each channel and it
may be incremented by an input pulse string:
thus, each one serves as a scaler. This is
useful for Mossbauer applications and time-
rate studies.

Analyzer features

Figures 2 and 3 are oscillograms. Figure
2 shows a spectrum of selenium-75 taken
with a lithium-drifted silicon detector. Fig-
ure 3 shows the probability density func
tion for a sine wave. The $401A’s CRT
is far superior to any offered as sran-
dard equipment on a multichannel analyzer.
The HP H51-180AR Osciiloscope is the
mainframe for the 3431A Display plug-in;
all that js needed to have a 50 MHz dual
channel oscilloscope is a set of two plug-ins:
the HP 1801A Vertical Amplifier and the
HP 1820A Time Base.

Modular design 20d use of plug-ins make
the $401A easy to modify and o expand.
A log display unit, an 8-input router, and
a multi-input multiscale unje are among the
special-purpose modular units and plug-ins
now offered {or Hewlett-Packard Analyzers.
With modalar systems, the user has the as-
surance that tomorrow's capabilities can be
added at minimum cost.

Input-output flexibility is assured by pro-
vision of an interface card cage which ac-
cepts cards to interface the 5410A to peri-
pherals such as a tefetype or digital recorder
ot even to 2 Hewlett-Packard computer.
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Figure 2. Spectrum of selen/um-75,

=5

Figura 3. Probability density function for 2
sine wave.

Singie and multi-parameter
analyzers

The Hewlett-Packard single and multi-
parameter analyzers combine the features of
the analog-to-digital converter and display
unit in the 5401A with the flexibility of a
sofeware-controlled memory.

These systems add the capabilities of an
instrementation computer—monitoring and
control of the experiment, calculation and
manipulation of data—to those of the 2d-
vanced hardware built into the 3401A ADC
and display. These capabilities, plus the spe-
cial software provided, bring the user an-
zlytical systems of great power.

The single parameter analyzer uses one
display, one ADC, the HP 2115 Computer
with a2 4k memory, and 2 teletypewriter as
its minimum configusation. Multi-paramerer
systems may utilize from two to four ADC's.

The dual-parameter analyzer's softrware
package (ncludes sub-routines for three dis-
play modes: isometri¢c (with virtually 360°
cotation to any of 20 viewing positions).
contour displays, 2nd an X and Y slice of
the data, intensified.

Special software programs give these sys-
tems the ease of operation of an instrument
by providing direction ro the computer so
thac it is a silent partner. Yet, when the user
so desires, he has at his command a system
with all the flexibility afforded by FOR-
TRAN programming ¢apability.
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MULTICHANNEL ANALYZER

200 MHz clock rate ADC; expandable memory
Model 5401A

H51-180A Qscitloscope
with 54318 Display
Plug-in

U TR

5422A Digital
Processor

- . 5416A Analog to
R Digital Converter

in 5410A Power

° @ Supply/interface

\

5401A Multichannel Analyzer

Advantages:

1024 Channels, optionally 4096 or 8192
0.05% Integral; 19 Differential linearity, worst case
100 ns multiple pulse resolution (MCS mode)

The Hewlett-Packacd 5401 A Multichannel Analyzer is a
fast, accurate, versatile too! for spectrum analysis work, It
has 2 pulse height analyzer (PHA) mode of operation, a
sampled voltage analysis (SVA) mode of operation (for
probability function analysis) and a multichannel scaling
(MCS) mode of operation. It consists of a power supply/
interface mainframe with plug-in analog to digital converter
(ADCQ), a digital processor, and an oscilloscope mainframe
with display plug-in. This modular separation, with the func-
tional grouping of controls, and the anounciator function-
keying system makes the front panel self explanatory.

The combination of )2-bit resolution, 0.05% integral
linearity and high digitizing speed is unmatched in the in-
dustry. Low repetition rate analyses may easily be monitored
by a unique display mode which combines the advantages of
live and static readout.

The HP 5401A Multichannel Analyzer adapts easily and
economically to input/output devices theough selection of
plug-in cards in the interface “card cage’. Cards for a wide
variety of T/O devices are available either with the initial
order or at any time after receipt of this instrument.

Specitications
ACCUMULATION MODES

Pulse height analysis (PHA)

In this mode, the analyzer accumulates a pulse heighr distribu.
tion. Automatic termination of data accumulation may be employed,
Coarse pulse amplitude discrimination is provided. Coincidence with
an externally applied signal may also be a criterion for acceptance
of 2 pulse.

Input pulse requirements:

Ampbtude: 10 V; positive.

Puise shape: > 100 ns 1o peak above the baseline.

Input lmpedance: 1 k&, <60 pF shunt; dc coupled.

Trigger Level: 0 1o 10 V, adjustable (establishes timing).

Time to peak: 1 10 15 us adjustable, or 3 us fixed.

ADC clock rate: 200 MHz.
Output Raenge: 512, 1024, 2048, or 4096 channels.
Conversion gain (channels out/volt in):

Range: 4098 to 512 c¢hannels/10 volts.

Temperature stabllity: < =0.005%/°C.

Time drift; < £0.019% /24 hours.

Trigger dlstortion: linearity perturbed within 50 mV of crigger.
Raseline (input offset)

Analog: =1 V adjustable, 0 or —5 V fixed.

Count rate shift: <10 mV 0 909, dead time.
Temperature stability: < =1.0 mV/°C.
Time drlft: < £1 mV/24 hours at fixed temperature.

Digital: 0 to 3584 in steps of $12 channels,

Linearity

Integral: < =0.05% over full range.

Differential: <1*=9% over full range.

Except, in PHA mode offset <100 mV, see Trigger Distortion.



Pulse analysis time

Output range setting determines analysis time in either fixed or
or vatiable (internally sefected) made:

512 channels = 9.5 us fixed or (2.8 + 0.0050) us

1024 9.5 (3.1 + 0.005n)
2048 16.5 (3.8 +0.005n)
4096 30.5 (6.0 + 0.005n)

where n = number of channel addressed
Systemn dead time: analysis time plus time to peak.
System noise: less than ) mV rms referred to the ADC input,
Coincidence inputs (normal and strobed)
Ampfitude: 4-12 V positive.

Pulse shape: dc level or with specified timing, For Timing-
Normal, input must be high for > 100 ns after pulse crosses
wigger Jevel and prior to the coincidence strobe, For Timing-
strobed, input must be high for a >300 ns interval which
includes the coincidence strobe. Coincidence strobe is a 200 ns
pulse, generated at the end of the time-to-pesk setting. Strobe
monitor jack provided.

Timing jitter-stroba: =50 ns from average.

Discriminators (upper and lower fevel) range: 0 to +10 V.
Lower leve] discriminator sets trigger level.

Meter: tbree ranges, each with *59% accuracy, displays reading of
dead tume 100% full scale, or counting rate at either 100 kHz
or 10 kHz full scale.

Llve timer accuracy; =0.5%.
Data control; add or subtract, swirched.
Timing: count up co Preset, or down to Zero.

Preset time range: Live or Clock time, switch selectable; 0.01
min to 5000 min (decade steps x multiplier in 1, 2, S, steps).

Memory grouplng: any quarter, any half or whole memory.
Pulses exceeding selected memory range are rejected. No pulses
are stored in lst channel of group selecred.

External routlng: exteroal control of memory grouping.
Puise requlrements: positive 4-12 V for > 100 ns.

Memory: 10° counts per channel; 1024 channels standard, 4096
or 8192 optional, Address is binary; 24-bit data word is BCD
coded.

Multichannel scaling (MGS)

In this mode, the anslyzer sequentially addresses each channel of
the selected portion of memory and the contents of each address may
be incremented by an input pulse string. There is provision for
vertical display. The address information is converted 1o an analog
voltage available for such applications as driving a Mdssbaver ap-
paratus.

Input pulse requirements: (AEC standacd compatible),
Amplitude; 4-12 positive.
Input impedance: 1 k& (dc coupled).
Mintmum pulse wldth: 25 ns; separation 65 ns.
Pulse pair resolution: 100 ns (10 MHz).

Sample time per channel: 10 us to 5 s (decade steps X muitplier
in 1, 2, 5, steps), or ext,

Preset sweeping: 1 sweep to 500,000 sweeps (decade seeps x mulri-
plied in 1, 2, 5, steps).

Sweep modes
Single: interna! or exrernal riggering.

Continapus: internal or external triggeriag with saw-tooth sweep
drive; increasing channel number. Also, internal triggering with
triangle waveform drive; increasing then decreasing channel
number, (Output is available to drive Mossbauver apparaius
for three sweep modes.)

Dead time betwean channals: 2.2 us,

Sampled voltage analysis (SVA)

(Probability density functions.) Operation in this mode is ident-
cal to pulse height analysis except that the ADC continuously
monitors a slowly changing voltage. samples it upon receipt of a
pulse, and processes the sampled voltage as rhough it were 2 pulse.

Input signal requirements
Ampilitude: 10 V.

Palarity: positive or bipolar.

Bandwidth: 512 Channel Range, de¢ to 120 kHz; 4096 Channel
Range, dc o 15 kHz.

[nput Impedance: 1k, <60 pF shuny, de coupled.
ADC clock rate: 200 MHz.
System dead time: Analysis Time plus Time (o Peak.

Eiapsed time or sweeps: first channel of selected memory group
records elapsed time in increments of 0.01 min (PHA & SVA)
or of number of sweeps (MCS & TEST).

Digital processor aperations

Transfer memory quarters: the contents of a quarter or half
may be copied into any other quarter or half respectively.
Receiving group contents are erased prior to copying.

Erase: the entire memory. or the contents of any selected quarter
or half may be erased.

Accumulate cycle! accumulation of data may be maaually con-
trolled or may be automatically sequenced through a cvcle of
erase, accumulate for preset time or sweeps, and read-out into the
device selected on the 5410A Interface panel. Single cycle selects
one such sequence; Auto cycle selects indefinitely repeated se-
quences.

Read-in/Read-out Modes

CRT display (llnear) modes

During PHA and SVA accumulztion, each channel addressed by
the ADC is displayed live for about 12 us. Prior to Start, address
is displayed at baseline. After Start, the vertical displacement of
the displayed point shows channel contene (se¢ Gain below). During
MCS & TEST modes the CRT is staticaily unblanked. During Dis-
play function the entire memory is displaved in an interlaced se-
quence which sweeps from first to fast channel at line frequency
(to eliminate flicker), and any channe! is displayed at least six
times per second. Accumulation during display. Read function allows
selection of any contiguous sequence of channels by setting of digital
switches.
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200 MHz clock rate ADC; expandaltle memary
Mode! 5401A

Channel identification
Decades: intense dot for channels numbered 10n.

Sub group: V4 cm 1ail on data point.

Hoerizontal galn: x) to x20 continuous, Expand about center screen.
Horizontal quarters full screen: 1, 2, 4 selectable.

Quarter overfap: halves or quarters may be overlapped. 2nd,
31d, 4th quarters and 2ad half are movable vertically o fully
off screen up or down.

Vertical galn: x1 through x3 continuous.

Vertical callbration: 200, 500 1k through 200k counts/cm in
1, 2, 5 sequence, selectable. In Log position (with K.20
special) 1 decade/cm. Analog output (plotter connector and
BNC's for X, Y and Unblank).

Amplitude: +5 V full scale into open circuit.

Impedance: 1009,

Resolution: =0.01259% of full scale.

Integral linearity: £0.01259% of fuil scale.

Zero drift: =0.019%/°C, =0.1%/day at fixed temp.

Gain drift: =0.05%/°C, =0.19%/day at fixed temp, full scale.

Output rate: external timing, 600 channels per sec, max: In-
ternal, 1-20 channels per second, vatiable.

Digital input/output
Code: parallei, 8421 BCD.

Serial: |BM compatible or ASCIT as selected by 1/O cards.
Levels, polarity and control logic are determined by [/0
cards provided with the various 1/O options,

Maximum transfer rate; 60,000 characters or channels/sec.

Format:
Pareilel: 10 digits simultaneously, four address, six data.

Serial: 76 character line sequence (one address, 10 data chan-
nels) is determined by serializer cards of processor and
adapted by [/O cards to match requirements of specific
device.

Input/oatput options

Peripheral devices for readin or readout of digital data are
specified by option number according to column headings A, B and
C in the table below. Under column A are listed options which
provide the peripheral device for service on 115 V 60 Hz plus ¢ards
and cables required for interface with the card-cage of the HP
$410A. Column B lists devices operated from 230 V 50 Hz mains.
Column C ljsts options which provide cards and cables only. The
peripheral device {s not supplied. A number in parentheses indi-
cates the time in minutes for transfer of 1024 channels of memory,
Note that typewriter readout of all 8192 channels of the largest
available memory would require nearly 2 hours. Computer transfer
takes less than 1 sec.

Processor aptions
Option 20: Substitute 4096-channel memory.
Option 21: Substitute 8192-channel memory.

NOTE: The 1024, 4096 and 8192 channel memories are optionally
interchangeable at any time.

A B c
B0 Hx davice | 50 M devica Cards &
Nams Cagabitlty cards & sable | cards & cable ashfs only
Option Optlen Optlon

Printer Parallel readout
HP 5050 20 chan/s (0.87) oz 52 12
Taleprinter | Serial readout
P 2752A | ILDehar)s(13) 03 L n
Taleprinter | Serfalinput
HP27524 | 10char/s(13) 04 54 n
Tape Punch | Paper tape oulput
NP 27534 | 126 chae/s (LY 03 % 13
Tape Reader| Papartapeinput
HPISIA | 300 charls (09 08 56 14
iMag Tape Mapgtape readout )
Kannady 200 'to 800 bpi 07 57 avaifable
1400, elc. (0.3101)
Comauter D#t interfsce
RP 2114/5/6| between memoties Conzult (actory 08
Teleprinter | Serlalinpul &
MPI52A | output10 ehar/s 10 s n

Option 11 cards and cable provide interface for both readout and readin.

Equipment list

The standard HP $401A Multichanael Analyzer consists of one
cach of the following. Total net weight is 111 1b (50 kg). Shipping
weight is 148 Ib (67 kg).

5410A Power Supply/Interface 45 ib (20 kg).

s416A Analog to Digital Converter (plug-in) 61b (2,8 kg).

5422 A Digital Processor 27 ib (12 kg).

s431B Display (D o A converter plug-in) 6 1b (2,8 kg).

H51-180AR Oscilloscope 26 1b (11,5 kg).

05421-6030 Display cable (dual 36-pin).

05421-6033 Power cable (50-pin).

05421-6034 Data cable (50-pin).

05421-6035 ADC Decimal Data cable (dual 50-pin).

Rack mounting kits, power cords, extender cards and card puller
are provided.

Dimenslons: typical for H51-180AR, 5422A and 54104, 1634~
wide x 514" high x 213%” deep (425 x 133 x 543 mm).

Power [nput for full capacity operation: 425 W, 50-60 Hz 115
or 230 V.

Price: available on request.

Accessories

A convenient method of preserving the visual display available
on the scope is to plot the analog of memory contents on an X-y
recorder. The HP 7004A provides an ideal combinatior of accuracy
and speed and mey be interfaced directly with the 5431A Display
plug-in through a connector on the rear of the H51-180AR maio-
frame. It plots an analog record of any selected portion of the
memory at the rate of 50 channels per second. Required are: HP
70044, $1295; two 17170A DC Coupler plug-ins, 350 each: 17173A
Null Detector plug-in, $200; 17012B Plotter, $95; and 10640B
Cable, $50. An extended plot for good resolution of individual
channels on continuous or fan-fold paper may be obtained using
the HP 17005A Incremental Chart Advance, $895.

Iasertion of the HP 1801 A Dual Channel Amplifier, $650, and the
MP 1820A Time Base, $475, in place of the 5431B Display plug-in
converts the H51-180AR to & laboratory quality oscilloscope with
50 MHz bandwidth and triggering to 100 MHz for fast timing setup
and checkout. A wide variety of plug-in modules is available in the
HP 1800 series.

The three mainframes of the 5401A may be conveniently joined
to meke a single unit with the use of the Joining Bracket kit, HP
5060-0243, $30.



ANALYZER SPECIALS
Multi-input, BCD input, log display
Model 5400A, K series

- L= . . N
cogrenRl o
Multi-Input Multi-Scale BCD to 8inary
K05-5400A K20-5400A

506 TUTPEY Asbit
v O g

8-{nput Router
. K09-5400A

8-1nput Mixar
K15-5400A /

K05-5400A, multi-input, multi-scaling

Replaces the ADC to permit multiscaling of up to 8 inde-
pendent inputs at common sample time into 1, 2, 4, or 8 equal
segments of memory. Memory cycle time prevents acceptance
of pulses within 3 us following a pulse. Pulses coincident within
about (50 ps are both lost. The address at which 2 pulse is
incremented is determined as follows: The most significant
0, 1, 2, or 3 bits are determined by selection of 1, 2, 4, or 8
memory segments (Groups switch). The balance of the address
(up to 15 bits) consists of the contents of the address scalec.
The address scaler range is selected by the Channels/Group
switch, The address scaler is incremented by the timing con-
trols of the digital processor (54224, 2116B, etc.) or by ex-
ternal input to the K05-5500A. A sweep may be initiated and
stopped either manually, or by signal to the internal connector
(rear) or to the front panel BNC. Continuous or single sweep
mode is selectable by switch. Input requirements are >44 V,
>100 ns wide. Price, $1500.

K09-5400A, eight-input routing

This four-width NIM module provides the capability for
accumulation of up to eight separate pulse height spectra
simultaneously into 1, 2, 4, or 8 equal segments of memory.
The K09-5400A is connected between the ADC and the pro-
cessor (memory) so as to add 0, 1, 2, or 3 maost-significant
bits to the address output of the ADC according to the selec-
tion of 1, 2, 4, or 8 memory groups. (Within any given memory
eighth, for example, each address has the same, unique com-
bination of the first 3 most significant bits). The information
necessary for this routing is supplied by logic inpuls to the
front panel BNC which corresponds to a given memory seg-

ment, A logic pulse must be generated for each analog pulse
to be analyzed and must arrive at the K09-5400A input during
Time-to-Peak of the ADC. The arrival of more thap one logic
pulse during this interval will cancel the analysis of the analog
pulse. The eight (or fewer) analog pulse sources are connected
to 2 summing network such as the K15-5400A (see below) so
as to provide a single input to the ADC. The router output is
an address of up to 15 bits. Combinations of ADC Output
Range and Memory Group settings which would produce a
router output of more than 15 bits are ambiguous and will
actuate the Invalid light, Price, 81000.

K15-5400A eight-input mixer

This single-width NIM module provides passive summation
of up to § inputs through 1 k2 each to a common 502 output.
It is conveniently used for combining the preamplified outputs
of up to 8 nuclear detectors for input to an ADC. The NIM
configuration is for convenience of mounting and connection;
no power is required. Price, §150.

K10-5400A log display converter

This 314" high rack-width module (oot illustrated) is pro-
vided with integrally attached cables to permit its insertion in
place of the standard 05421-6030 Display Cable to provide the
capabilicy for logarithmic display of the HP 5422A Digital
Processor memory. When the Counts/Div switch of the HP
$431B Display is set to Log position, the CRT display will
be linear in address (X-axis) and Jogarithmic in counts (Y-
axis). When the Vertical Gain control is calibrated, the vecti-
cal calibration is one decade per cm. The cable arrangement
pecrmits the module to be located either above the H51:180AR
mainframe or behind the analyzer. Price, $600.

K20-5400A BCD input

When the ADC is replaced by this plug-in module, 2 device
which provides 8421 BCD coded output (e.g. electronic
counter) in up to 9 digits may be connected to the HP 5401A
through the 50-pin connector mounted in the front panel. The
selector switch allows any three decima! digits from the input
to be converted to binary form and addressed in a manner
similar to ADC operation. The resultant accumulation in PHA
mode is a frequency histogram which displays the relative
probability of occurrence of any selected reading between 0
ang 999. Price, $750.

H06-5401A multichannel analyzer with signal
averaging

This modification of the HP 5416A ADC and the HP 5422A
Digital Processor (not illustrated) allows either one-shot digit-
izing of an analog input to the ADC or, with synchronized
repetitive sweeping, signal averaging for enhancement of the
signal-to-noise ratio. The ADC operates in the Sampled Volt-
age Analysis mode, sampling the input waveform so as to
provide a gate time proportional to instantaneous input ampli-
tude. The processor operates in the Multiscaling mode, accunu-
lating at 10 MHz in a channel for the cotresponding gate time.
Price, add $400 to price of MCA.,
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5406A Multiparameter Analyzer

.

Advantages:

On-line computarion

4096 words of data storage

Easy expaadibility

Moniroring and control of experiments

Easy peripheral interfacing

General

The HP 5405A Single Parameter Analyzer system and the
5406A Mulriparameter Analyzer system combine the features
of the Analog-to-Digital Converter and Display Unit used in
the HP 5401A Multichannel Analyzer (see page 70) with the
flexibility of a software controlled memory. The 5406A sys-
tem may also be used in 2 multplex mode with up to 16
ADC's mulriplexed into a single computer memory. The ad-
vanced hardware design of Hewlett-Packard’'s displays and
ADC's coupled with the special software provided with these
systems gives the user the most advanced and flexible an-
alyzing/computing systems avaifable.

ANALYZER SYSTEMS

Single parameter, multiparameter
Model 5405A (Single), Model 5406A (Multi)

Single parameter analysis

The 5405 A Single Parameter Analyzer uses a single display,
a2 single ADC, a 2115A with an 4K memory, and a teletype-
writer as its minimum configuration. The capabilities of the
S405A system are quite similar to those of the 3401A system,
but with the additional flexibility of the computer monitoring
and control of the experiments plus the calculation and ma.
nipulative power available from an instrumentation computer.
It can be operated in a pulse-height analysis mode for nuclear
pulse-height spectrometry and in a sampled voltage analysis
mode for statistical analysis of amplitude data.

Multiparameter analysis

The HP 5406A Multiparameter Analyzer system is identical
in hardware configuration to the 5405A system except that ir
may be configured with two to four analog-to-digital con-
verters. When using two ADC’s (standard 5406A configura-
tion) the user may accumulate data that has a coincidence
requirement in addition to the normal pulse-height versus count
rate data. The X dimeasion range is 1 to 4096 channels and
the Y dimension range is 1 to 4096 channels, in increments of
powers of 2.

Internal coincidence capability is in the microsecond range.
With this system, coincidence circuits must be added externally
to supply the coincidence input to the ADC's for resolution in
the nanosecond range. External coincidence equipment such as
the HP 5584A and the HP 5585A (shown on page 78) may be
used for higher resolution.

Sub-rourines are included in the software package to allow
the user to have 3 display modes for the dual parameter data
collected in the 5406A system. These are isometric with a rota-
tional capability for 20 different viewing positions (displayed
data can essentially be rotated 360° around its central axis),
contour displays, and an X and Y slice of the data. Figure 1
illustrates the isometric display of a two parameter experiment.

Optionally available with the 5406A system is up 1o 2 total
of 16 ADC’s with a mulriplex coarrol so thar the ADC’s (1
through 16) may be scanned at a >>0.2 MHz rate for inputting
data into the compuler memory.

Software

A special sofrware program has been written to permit the
user to have the ease of operation of an instrument rather than
a computer. Special softwuate package consists of an EXECU-
TIVE program and a PREPARE EXECUTIVE TAPE pro-
gram (PET). The PET program is for configuring the EXEC
program into a users’ package. Also supplied in the software
package are a standard Hewlett-Packard sub-routine library
for such operations as Accumulace, Display, Erase, Punch,
Type, Transfer, Read-in, and such computing routines as Inte-
gration, Differentiation, Background Subtraction, Spectrum
Stripping, etc. Control sub-routines can also be written to
control external devices chrough the use of an output card
such as the relay register or a general purpose register. \When
conhguring a package by the use of the PET program, the user
calls up from the sub-rourine library, via the reletype by a
question and answer routine, those sub-routines he desires to
use. It is also possible for the customer o develop his own



Figure 1. isometric Display

sub-routine library in FORTRAN or modily existing sub-
routines in ASSEMBLY.

Furnished with each 5405A and 5406A system will be all
of the standard HP 2115A computer software. The user will
be able to make general purpose measurements immediately
by using the PET and EXEC program with the Hewlett-
Packard sub-routine library, and can easily modify the package
to suit his specific needs. The computer, with its standard
software, will also allow the user the convenience and flexi-
bility of a stand-alone instrumentation computer.

Output peripherals

By the use of the HP 2115A instrumentation computer jn
this system, the addition of output or input peripherals (such
as the high speed digital tape transports, paper tape punches,
photo-teaders, etc.) is quite easy. All of these peripherails have
been interfaced to the HP 2115A computer and are optionally
available. Their interfacing requires only the I/O cards and
the software driver routine for outputting or inputting data
via these peripherals.

Additional peripheral instrumentation

For expanding the capability of either the siagle parameter,
multparameter, or multiplexed system, additional instrumenta-
tion may be added to the system, such as, the K05-5400A
Mulei-Input/Mulei-Scale plug-in and the K09 8-input souter
(see page 83).

For additional information concerning optional configura-
tions of these systems, or for additionz) applications informa-
tion, please contact the factory.

Specifications
Interface
Outputs: 0-12 bir, buffer storage, impedance; “1” = satu-
rated npn to ground, 0" = 1K t0 +10 V or open circutt.
Flags:

DAR = Data Ready to Computer: "1" implies Data Avail-
able, "0” implies Data Undefined,

RFD = Ready for Data from Computer: “1"* implies ready
to accept new data, "0" implies not ready to accept new
data.

tmpedance: Data Ready: same as outputs. Ready for Data:
“1" same as ouputs, "0 >4 V or open circuit.

Timing: delay between availability of data and Data Ready
signal >0.5 ps or >10 s, selectable on ADC interface board.

Minimum delay from RFD to DAR: same as above.

Minimum acceptable RFD width: RFD = 0" >500 ns;
RED = “1” until DAR.

Modes: single parameter, multiparameter, multiplex,

Mardware contigurations

Single parameter (SGL): single ADC; control and timing
board; buffer 20d offset board; live time clock board
panel with offset, live/clock; mode and bit programming
control.

Muitiparameter (MPR): 2 1o 4 ADC’s; control and timing
boards; buffer and offset bosrds; live time clock multi-
parameter control; jumpers; and panel 25 in single pa-
rameter.

Multiplex (MPX): 2 10 16 ADC’s; multiplex control; inter-
face boards rthe same as ia multiparameter.

Timmer control: LIVE/CLOCK/OFF: counts stored in Channel
0, 10 pet second. Tn LIVE mode, clock gated off by busy
signal. MPX: each ADC gartes clock. MPR: clock gated off
when any ADC busy.

Zero offset: each ADC may be independently offset 0-4095
channels.

Bit programming: output bits from each ADC may be shifted
with respect to 12 bits to computer.

ADC holdotf (output, MPR): for inpur to NORMAL coinci-
dence ipput on ADC. Saturated transistor to ground.

Sample input: for external sampling of ADC. +4 Vo +12V,
width >200 ns, >1 kD, <60 pF.

Delay (hofdotf): 200 ns to >1 gs, variable.

Single made: 1 ADC to 1 computer.

Multiparameter: 2.4 ADC’s to 1 computer.
Single events: 1| ADC processes pulse, other ADC's output 0.

Coincidence events: all ADC's process pulses; outputs from
ADC's metge into 12 bits controlled by bir programming.

Tlming: at start of time to peak in the first ADC a delay
timer stacts. At the end of holdoff (variable from 0.2
us to >1 ps) delay a holdoff signal is applied to the
normal coincidence inputs on all ADC's. Any ADC which
has not yet detected a pulse will be held off for the event
being analyzed. The coincidence window is, therefore,
equal to the holdoff delay.

Muttiplex: 1-16 ADC's to | computer.

Priority: ADC'’s are scanned at >0.2 MHz rate until one is
ready. It outputs to computer, and when RFD is received
scanning resumes. Scan can resume either with next ADC
or with first ADC, by programming a jumper.

Memory region: cach ADC is assigned 2 4 bit code (less for
fewer ADC's). The code bits become the most significant
bits of the output to the computer.

Control signals: from computer to ADC via interface. Each
ADC may have the following functions controlled by 2 GPR
card or equivalent: SVA/PHA mode; stabilizer on/off mode;
sample ioput waveform—pulse; trigger stabilizec—pulse.

Ordering Information, price: please consult the factory.
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Advantages:

TID-20893 compatible
Easy to operate
Versatile. research grade instruments

Mode] 5583A

The Hewlett-Packard Model 5583A Single Channel
Analyzer is the most versatile instrument of its type ever
offered. The 5583 A has two basic modes of operation: single
channe!l for pulse height analysis and dual integral where
the discriminators operate as completely independent integral
disceiminators.,

In the single channel mode, discriminator A may operate
as AE (narrow window) to determine the window width
up to 1.00 V wide. The window is tied to discriminator B
(Emin) which determines the window’s position relative to
zero volts. Discriminator A may also operate as E,,; the
two discriminators may then be varied independently over
their range.

Nuclear Instrument Modules
AEC compatible series
Models 55824, 5583A, 5580A/B

In the single channel mode there are outputs triggered
from both the leading edge and trailing edge of the input
signal. The trailing edge outputs, fast negative and slow
positive, are generated for input signals with amplitudes
within the window Jimits. For single channel analysis work,
this instrument may be strobed, either intemally or ex-
ternally.

A gate input allows the application of a +3 V signal to
inhibit the output of the single channe] analyzer.

The discriminators have a highly readable and in-line
display of voltage 0.05-10.05 V, set by 10-turn pots.

Mode! 5582A

The Hewlett-Packard Model 5582A Linear Amplifier is
an original HP design which provides maximum flexibility.
for nuclear pulse counting with all types of detectors and
with 2 wide range of counting rates.

Feont panel switches give the user his choice of pulse
shaping for optimum response: integration and single or
double RC differentiation, or single or double delay line
shaping. Eight RC time constants from 20 ns to 5 ps are
provided.

The delay lines are plug-ins, making a change easy if
different time constants are needed. Shaping times from
1 ps to 100 ns ace available, The standard 5582A is sup-
plied with 1 us delay lines and these are temperature com-
pensated for stability.

The fne gain control is variable from 2.00 to 5.00 by
means of a 3-tum pot with herizontal in-line gain markings
which eliminate ambiguity in reading.

Model 5580A/B

The Hewlett-Packard 5580A/B NIM Power Supply pro-
vides output voltages required by AEC-NBS standards
(TID-20893), houses any combination of modular instru-
ments (NIM) in a sturdy bin, and promotes trouble-free
operation by oversized power capability, blower cooling,
and special protection circuits.

Total power output capability is 120 watts and current
ratings allow heavy drain without overload: =24 V at 2A,
+12Vat 4A, and =6V at SA. Direct wiring between each
conpector and the six supplies improves regulation. The 6 V
sapplies are particularly usefal with integrated ciccuits.

The 5580A/B incorporates a number of features that pro-
tect the nuclear instrument modules to which it is supplying
power. A warning light advises the operator when opera-
tion could be marginal and protection circuits act auco-
matically to prevent costly damage due to shorts and over-
loads.

The 5580A and the 5580B are electrically identical, Both
are rack mount or bench top convertible, all hardwaze in-
cluded, The 5580A provides space for 11 single widths in
the NIM confguration and is packaged to be compatible
with the standard Hewlett-Packacd modular enclosure sys-
tem. The 5580B has space for 12 single widths and because
of this has its side frames 145 in. wider than the standard
HP enclosure.



Specifications
5582A Linear Ampiifler
Input
Polarity: positive or negative.
impedance: 1.5 k%, d¢ coupled.
Maximum voltage: 15 V peak, 15 V de.
Gsin
Range: 2 10 1280.
Resettability: one minor division (0.29% of full range at
constant temperature).
Control: coarse, switch from 1 to 256 in binary steps. Fine, con-
tinuously variable from 2.00 to 5.00,
Pulse shaping
RC mode! integration, frst and second differentiation: Time
constants for each, 0.02,0.05 and 0.1 to 5 usin 1, 2, 5 sequence.
Delay line mode: single or double; 1 as defay lines (plug-ins)
are standard; others are available.
Amplitier
Rise time: <40 ns, typically 25 ns.
Bandpass: 2 kHz o 6 MHz, typical.
Stability: gain shift <0.059%/°C, typically 0.029/°C.
Output
Amplitude: =10 V except =5 V at 0.02 and 0.05 s differentia-
ton time ¢onstants.
Impedance: <59; minimum load 9092
Polarity: posirive and negative.
Delay: 65 ns. relative to inpur, typical.
Linearity: integral, <0.3¢,; difterential, <1%. 0.3% below 8
volts (typical).
Noise: <15 gV RMS referred to inpur at maximum gain.
Crossover walk: < 0.5 ns.
Count rate shift: <0.05% with inputs to 10° ¢ps, ypical.
Overload recovery: from a 200x overload to 2% of baseline in
less than 3 non-overload pulse widths.
Gain control Input: for external fine gain control; BNC.
Power required: 424V, 260 mA; —24 V., 325 mA.
Preamp power out; +24 V (TNC connector).
Price: $550.
Option 01: 5582A without delay lines, $500. With special delay
lines installed, add $§75. Plug-in delay line kits (each has two
delay lines), $75.

Thne Constant, Delay Line 5682A with Speolal
ns Kits Delay Lines Installed
100 KO1-5582A HO1-5582A
200 K02-5582A H02-5582A
300 K03-5582A HO3-5582A
400 K04-5582A HO04-55824
300 K05-5582A H05-5582A
600 K06-5582A H06-5582A
700 K07-5582A H07-5582A
800 K08-3582A H08-5582A
900 K09-5582A H0S-5582A

S583A Single Channel Analyzer

Modes of operation
Single channel—AE: pulses between Emin 2and Enu + AE.
Single channel—E...: pulses between Emin and Emax.
Dual Integral: pulses greater than Epyy, two channels,

Multiple pulse resclation: 200 ns.

Input clreult: ac coapled, 1 ms time constant. Impedance is 5009,
single channel; 1 k£2, dual integral.

lnput signal; 50 mV to 10 V. Unipolar positive oc bipolar with
positive portion leading (negative on special order). Discrimina-
tor sensitivity to z 30 ns wide pulse drops to 909 of nominal.
Nominal is defined as Nal-shaped pulse with risc time constant
0.25 ps and decay time constanr 1 ps.

Discriminator Ranges
E~n 810 En adjustable from 0,05 V to 10.05 V.
AE: adjustable fram 0.005 V to 1.005 V.

E~in bias Input: allows external control of lower level discriminator,
5 V to s¢an complete range.

integral linearlty: £0.239, of full scale.

Temperature stabitity: <0.019%/°C, Enuv 2nd Enia; <0.19%/°C,

AF; change over 0-55°C with dc volrage tolerance per TID.
20893,
Spurlous output pulses (“leak through''): nore for input pulses
outside window (as measured with Co-57).
Strobe input: 0.6 V negative and 15 ns wide (min.), ac¢ coupled.
Gate input: >3 V inhibits single channel outputs (de coupled),
Outputs: available in all three modes; dc coupled, conform to AEC
preferred practice logic.

Output Pulse Triggered From
Amplitede Width
Dual Integral +5 Vinto 100 ns Leading edge of
A and 1000 input pulse.
—+6 Y open
Single Channel crreuit Trathng edge of
Positive input pulse or
from strobe input.
Negative —08Vinto | 2005 (5ns
500 rise time)

Power required: +24 V, 225 mA; —24 V, (90 mA; —12 V,
10 mA.
Price: 5583A. $550.

5580A/B NIM Power Supply
Outputs, de: =24 V at 0 to 2A; =12 V ar 0 to 4A; =6 V at
0 to SA. Maximum ocutput power, 120 W,
Outputs, Bc: 115 V at line frequency.

Regulation: line, less than 0.05% for a 10% change. Load, outpur
impedance <0.040% de¢: <0.39 at 300 kHz.

Temperature coefticient: 0.02¢;/°C.
Ambient operating temperature: 0 10 55°C.
Noise and ripple: peak to peak 3 mV,

Recovery time: ceturns to within 0.1% of specified output within
50 us for 2 1A load current change.

Input line voltage: 105 to 125 V or 210 to 250 V, 50 to 60 Hz.

Price: 5580A (11 modular widths), §775. S580B (12 widths).
8825.

Options: for applications not requiring the full sec of ourput volt-
ages.

Option Power Supplies tnoluded 5630A £5808
0l =2V, =12V $725 $775
02 L6V, =24V 3728 $775
03 =6V, =12V $725 $775
04 =8V $675 $725
05 =12V §675 $125
06 =24V $675 $725

Options 01-06 can later be expanded to full capability by the addi-
tion of plug-in regulator board(s): the circuit s tuned to pro-
duce £24, 12 or *¢ volts. Model 05580-6004, 5735.

Common Specifications

Operating temperature: 0 to 55°C.

Connector block, power: AMP 202515-5.

Connectors, signal, Inputs and outputs: BNC.

Dimensions: standard double-width module (5582A and 5583A)
2.703 in. wide by 8.709 in, high by 10.487 in. deep (68.6 x 221 x
266,0 mm).

NIM power supply 5580A/B: mechanical tolerances provide for
use of the 5580A/B with standard AEC modular instrumentation
(TID-20893). 5580A (holds 11 modular widths): 10-15/32 in.
high by 1634 ia. wide by 19%; in. deep {266 x 425 x 472 mm).
5580B (holds 12 modular widths): 10-15/32 in. high by 17Y
in. wide by 19%; in. deep (266 x 438 x 472 mm).

Weight: double width module (5582A, SS83A) net 3.6 Ibs (1.6
kg); shipping 5 Ibs (2.3 kg). 5580A/B, net 35 ibs (15.9 kg):
shipping 40 Ibs (18.2 kg).

Cables, terminations, and accessories: HP 10519A 50-ohm 6 ft.
long, BNC connectors, $7. HP 10517A cable 6 £t long, TNC
connectors, $8. NIM Power Supply Extender Cable 10521A for
ease of servicing modules, $35. HP 10510A 50-ohm BNC termina-
tion, $5. HP 10!100A 50-ohm feedthrough termination, $15. HP
10100B 100-ohm fcedrhrough rermination, $18.
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5584A 5585A

Advantages;

TID-20893 compatible
Oucstanding performance

Models 5584A, 5585A

The HP 5584A Dual Timing Pickoff determines the times
of occurrence of pulses from up to two independent channels,
each of which can receive pulses from an amplifier such as the
HP 5554A Preamplifier or the HP 5582A Linear Amplifier and
can detect either the leading edge or zero crossing. Output
pulses follow by delays independently set and can be used 10
gate other instruments such as the HP 5585A Fast Coincidence
and the HP Multichannel Analyzers. A special feature is 2n
external delay sweep capability for Channel A.

The HP 53585A Fast Coincidence accepts input pulses from
up to four channels from such instruments as a sirobed single
channel analyzer or a dual timing pickoff and examines them
over a time period as short as one nanosecond. Pulses which
meet your selection of coincidence/anticoincidence criteria
rigger an output pulse to drive a scale-timer, to gate or direct
routing in a multi-channel analvzer, or (o activate further pulse
selection circuitry. Qutsianding performance: resolving time
jitter (chance counting to full) s less than 0.5 ns, typically
0.2 as, makes possible meanimngful resolving times of down to
1 ns.

These double-width NIM inscruments accept power from
an AEC.type supply such as the 5580 A/B NIM Power Supply.
Outputs are AEC preferred praccice slow and fast logic.

Nuclear Instrument Modules
AEC Compatible Series
Models 5584A, 5585A

Specifications
55B84A Dusgl Timing Pickoft

Zero crossing detectlon: two independent channels; each generates
a pulse with an adjustable delay following the zero crossing.

Leading edge detection: two independent channels; each generates
2 pulse with an adjustable delay following the input LE.

Zero crossing and leading edge: one chaanel responds as above
to each.

Multiple pulse resolution; 100 ns + delay time.

Crossover walk (ZC mode): S ns over range SO mV o 10 V; 2 ns
over 100 mV to 2.5 V.

Temp stability: resolving time, <0.2 ns/°C over nanosecoad delar
ranges.

Threshold: for each channel, adjusts over range set by mode selector
switch.

Delay A: switch seleces delay range for Chaanel A, 0.1-1.1 s or
1-11 ps. Front-panel 10-turn pot, adjusts delay continuously, Sweep
input can also control delay.

Delay B: 10-position switch adjusts Channel B delay from 200 ns
to 1 pus in 200 ns steps and from 2 ks to 10 ps in 2 us steps.

Input A and Input B: switches select polarity for inputs in LE mode.

Indicators: lamps indicate proper polarity for inputs: Decimal
point, Delay A display.

Inputs, Channels A apd B: accept pulses between threshold and
10 V; 1 k. For LE mode, either polarity, ac coupled, 100 ns time
constant; for ZC. pos. bipolar, dc coupled.

Input, sweep: 0 10 5 V sweeps “A’ delay from setting to setting
plus 100 as (low range), plus 1 us (high range); 4.75 k2, d¢
coupled.

Outputs, Channels A and B: output pulses are triggered by the
terminations of the delay periods.

Positive: nominally +5 V iato 1002, 100 ns width, de¢ coupled.

Negative: nominally —0.8 V into 50 9, 15 ns width, S ns rise time.
dc coupled.

5585A Fast Coincidence

Multiple pulse resolution: for coincidence measurement, <200 ns
{t¥p. 150 ns) plus resolving time, =.

Asymmetry: for y >2 ns, within 0.75 ns +1¢ of dial reading
(negative inpu(s) For coincidence-anricoincidence work. multiple
pulse resolution time (see tech. daca sheet).

Chance counting to full: short term variation in  is <0.5 ns
(type 0.2 ns).

Temp stability: resolving time. < 0.2 ns/°C over range.

Inputs: coincidence, 5 switchable pairs, separate pos. and neg.:
anticoincidence neg. accepts 0.6 to0 10 V pulse >15 ns; pos.. 2 to
12 V. When off, pulse has no effect.

Outputs: positive, negative, live time. Positive s =35 V into 100 9.
width factory set to 100 ns (80 ns to 500 ns); negative is —0.8
Vinto 50 @, 20 ns width, 5 as rise. All dc coupled.

Resolving time control: 10-turn pot, in-line display, 1 ns to 100 ns
continuous,

Commpon Specifications

Temperature range: 0° to —35°C.

Power required: 5584A, 24 V, 350 mA; —24 V, 170 mA: +12
V, 280 mA; —12 V, 300 mA. 5585A, 24 V, 60 mA; —24 V, 50
mA; =12 V, 400 mA. Can be supplied by 5580A/B NIM Power
Supply.

Dimensions: standard double-width module.

Weight: 5584A net, 4 Ib, 2 0z (1,9 kg); shipping, 5 1b (2,3 kg).

5585A, net, 3 1b, 10 oz (1,6 kg); shipping, 5 Ib (2,3 kg).

Price: 5584A, $900. 55854, $900.
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Advantages:

Scaler and Timer

In-line lighted display

Dual (count and time) printout
100 ns pulse resolution

Model 5590A

In one compact package, the HP 5590A Scaler-Timer
combines scaling and timing (two separate registers), dual
preset of count and time, integral discrimination, in-line
display, and 8421 BCD printer output including format and
printer-paper advance information. Both count and time
can be separately preset for the same measurement with the
interval terminated by the one that ficst Jimits.

Readout is 2 row of 6 (optionally 7) digital display tubes
easily read. Lighted indicators teil at 2 glance whether the
display shows Count or Time, and also status. Display stor-
age holds each measurement in readout unti) the next one
1s complete.

The 5590A is easy to use: pushbuttons command it, lever
switches program it, and thumbwheels set the exact preset
numbers you want (no confusing scale factors required).

Pulse resolution is better than 100 ns, and 2 crystal time-
base provides accurate timing intervals.

The 3590A is a2 4-width module in Hewlett-Packard's
NIM series compatible with standard AEC modular instru-
mentation (T1D-20893). It is a key unit for building nuclear
measorement systems with maximum capability.

Specifications
5590A Scaler-Timer
Performance

Resoiving time, signal Input: 100 ns.

Resolving time, ext clock input: 100 as; 0.5 us with lever switch
at Preset Time.

Count input sensitivity: 100 mV peak 20 ns width at half max.
Max input rise time limited by 1 ms input TC.

Accuracy: =1 count, = time base accuracy.

Crystal time base accuracy: < =5 parts in 10° with temp stability
better than =5 parts in 10° over range.

Temperature range: 0°C to 55°C.

Controls

Pushbuttgns: RESET, START, STOP DISPLAY COUNT, and
DISPLAY TIME

Preset thumbwheel switches:

Preset count: range (1 to 1999) x (10, 100, or 1000).
Preset time: range 0.1 10 999.9 s or min or 1 to 9999 external
units,

Lever switches: Function, Preset-Count, Print, Storage, Preset
Time, Time Unit.

Discriminator leve! potentiometer with preset detent: zdjuses
discrirnination level from 0.1 V to 10 V or sets it at the PRESET
value.

Preset screw adjust: factory set to 100 mV, Adjustable from —1

Vi +10 V. ,
Indicators

Digital display tubes: 6 decades.
Numinated decimal point: Defines 0.1 time units.
Conditlon indicator: OVERFLOW, ARMED, GATE ON,
COUNT, and TIME.
Inputs

Count: berween discriminator and 20 V when LEVEL/PRESET
is pos. (disc. and —20 V when LEVEL/PRESET neg.) BNC,
1 kQ, ac coupled.
Externat cloek: standard AEC pulse T4 to +12 V, >30 ns.
Absolute maximum 25 V, BNC, 3 kQ. dc coupled.
Accessories Input (24 pin):
Start, stap: —4 V pulse, +25 V max, >200 ns (3 k2, dc
coupled).
Reset: T4V pulse, 715 V max, >200 ns (510 Q, dc coupled).
Recyecle inhibit: +4 V dc min, +25 V max (3 k).
Outputs
Gete: gpen, +5 V (120 @ source); Clased, 0 V (2.2 k@ source).
Printer (50 pin):
Data: 4.line 8421 BCD 17 state positive: 1" state level, 5 V
(2.7 XQ sousce) : 0" state Yerel, <+04 V.
Reference levels: +4.5 V (120 @ source) and 0V (Ground).
Print command: +12 V pulse, 200 ns wide (120 & souzce).
Paper'advance: +8 V pulse {1 kS source).
lnhibit: hold-off, +4 V dc min, 25 V max (3 kQ).
Accessories (24 pin):
Gate output: same as gate output abare.
Reset output: +5 V pulse, >200 ns wide (120 & source).
Line power detector output: =5 dc (5 kQ source).
24 V d¢ Supply.
424 V dc (TNC connector): o power scintillation detectors and
amplifiers,
General
Power reguirements: 117 V ac, 35 mA; T24 V, 45 mA; —24 V.,
30mA; T12V, 150 mA; +6V, 1.4 A,
Dimensions: scandard NIM four-width module, 54077 wide x
8.709” high (137.3 x 221,2 mm) per TID-20893 (Rev. 2).
Weight: net, 6 b (2,7 kg) ; shipping. 8 1b, 7 02 (3.8 kg).
Price: $1.675.00.
Options:
Option 01: 60 Hz line-frequency time base: less $75.00.
Option 02- 7 digiral display wubes in readour; add $50.00.
Accessories furpished: FIP 10519A 50 @ cable, 6 ft, BNC con-
nectors. Circuit board extender.
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NUCLEAR COUNTING SYSTEMS

With automatic sample changer
Systems 5561A-5565A with 5560A

Advantages:

Detectors for ¢, 8, y counting
Lowest backgrounds available
Automatic and manual modes

Systems 5561A-5565A

Hewlett-Packard Nuclear Counting Systems are built around the
5S60A Automatic Sample Changer. These systems offer a selection
of detectors including gas-flow detectors with ultra-low background
down to 0.1 count per minute. Sample holder capacity is 120
planchets of popular sizes. Printout includes sample number, count,
and time. Ousstanding performance, versatility, and Aexibility aptly
describe these systems, which can serve analytical and experimental
needs in physics, chemistry, health physics, nuclear medicine,environ-
mental monitoring, meteorology, the biosciences, and other areas
where multiple sample counting is required.

The Hewlet-Packard Nuclear Counting Systeras are high-per-
formance, rugged systems planned for daily use. These systems are
very easy to operate and are ideal for routine use in assessing
massive numbers of samples.

An important benefit for the experimenter comes because these
systems are combinations of individual state-of-the-art puclear in-
struments thar can easily be withdrawn for nuclear experiments when
the changer js not required. This versatility is economic justification
for purchase of a changer system for casual use. Also, these systems
are easy to modify or expand. For example. it is easy to add the
HP 5400A Multichanne]l Analyzer or adapt for computer-contro)led
operation and data analysis via interface to the Hewlett-Packard com-
puter systems.

Each system includes a sample changer with both an automatic
changing mechanism and a manual drawer, and a detector, preampli-
fier, scaler-timer, printer, high-voltage power supply, and NIM bin
to hold aad power the modular instruments. ln addition, systems
employing a guard detector include an anticoincidence unit, and
proportional systems for use at high count rates have a linear am-
plifier for the same detector. The scintillacion system has, in addition.
a single channel analyzer.

Systems 5561A and 5562A

These gas-flow counting systems offer the lowest backgrounds
available for o and B counting. With 2 background as low as 0.1

cpm, it is possible to measure low-leve]l environmental conteminants
not previously open 10 analysis with good sutistical accuracy.

Both systems include 2 120-holder-capacity automatic sample
changer with manual drawer; 4 in., 4- lead shielding; guard de-
tector; choice of three sizes of detector windows; thin or microthin
windows; proportional or Geiger modes; dual preset count/time,
and printout of sample number, count, and time. If count rate is
expected to routinely exceed about 50,000 counrs per minute, choose
system 5562A; this system includes the 5382A Linear Amplifier for
pulse shaping. A summary of important specifications follows:

5561A Gas-Flow Counting Systems
With Uitra-Low Background

ladow, Bynsmic Renge

Backgrouad Sensitive for < 1% Delactor System
opm Dia, Loss, 0 Mode Numbders
<0.1 0.5 in. Geiger S581A

typ, 008 2x 104 cpm, Piogar. 5514, 0p. 05
<05 Y2in, Gelger; Geigar 5961A, Op. 08
yp. 0.38 5x 10° epm. Propar. 55614, Op. 07
<13 2.2 In. Propor. [ 55814, Op. 08
typ. 1.2 Propor. 556)A, Op. 08

5562A Gas-Flow Counting Systems
Uhtra-Low Background for High Count Rates

<01 0.5 In. T352A, Op. 05
typ. 0.08

<05 1.2in. 108 Prapor. 55624, Op. 07
typ. 0.38

<13 2.2 In. 5562A, Op. 09
tyg, 1.2

The multiple anode design of the detectors imparts a high uni-
formity of efficiency: within =59 over the area viewed. This
excellent uniformity allows meaningful, repeatable measurements of
non-uniform samples (radio-active deposifs are notorious for noa-

uniformity ).
Systems 5563A and 5564A

These systems offer low backgrounds for a wide range of counting
needs not requiring the ultimate in background reduction. System
5564A is for high count rates.

Both systems include a 120-holder-capacity automatic sample
changer with manuel drawer; 2 in., 45 lead shield; choice for detector
of window sizes, thicknesses; operating modes; dual preset count/
time, and priatout of sample number, count, and time.




System 5565A

In this system, the gas-flow detector is replaced with a scintillation
detector, and a single channel analyzer is added to make it possible
to count 2 selected range of gamma-ray or x-ray energies.

A 2 x 2 in. Nal(TI1) crystal is standard, packaged with its photo-
multiplier and its preamp-amplifier. On special order, 2 3 x 3 in.
crystal is available.

For coincidence wortk, a second detector can be positioned beneath
the sample cavity. For X.ray work, 2 special detector offering ex-
cellent sensitivity and low gamma-ray background (s available; con-
sult the Factory.

Al systems include a 120-hoider-capacity automatic sample changer
with a 4 in, lead shield; a single channel analyzer, dual ¢count/time
preset; printout of sample number, count, and time. A valuable
accessorv is the 5582A Linear Amplifier for pulse shaping,

Semiconductor detector

The versatile 5560A can be supplied on special order for use with
the customer's selection of compatible semiconductor detectors.

Specifications

Brief specifications for the $560A Automatic Sample Changer and
for Systems are presented here. See nearby catalog pages in the nu-
clear section for specifications relating to other system components,
or refer to the 5560A Systems brochure available upon request from
the Factory.

Automatic sample changer
(HP 5560A)

Planchet-holder capacity: 120 drum, 1 manual drawer.

Method of loading: magazines of 10 holders each, random access
and 1 holder by maaual drawer,

Planchet slzes: standard holder js recessed to accept the common
planchet sizes from 14” 1o 2”. Holders to accept sizes up to 2”
dia, x 34” deep are available on request.

Holder and magazine calor: blue gray.

Transport system: motor-driven chain in horizontal guided chan-
nel and mapual drawer.

Controls:

Pushbuttons: START, STOP, STORE, NEXT SAMPLE
CYCLE MODE switch: SINGLE and CONT,
MULJIPLE COUNT switch: t through 10 and CONT.
Gas-Flow Valve: 0.01 to 0.08 SCFH.

Indicators: Sampje Number, SAMPLE POSITION-CAVITY,
SAMPLE POSITION TRANSIT, MANUAL MODE, ON/
OFF, and CAUTION (when off, indicates drum is released for
manual positioning.)

Dimensions:

DIMENSIONS 1N IMCrs AMD (MU L MRTERY|

N I

i6 FRONT
(363

0
(300}

A L
———2sj

Detectors, shielding, and guard
Gas flow detectars: Geiger oc Proportional.

Sensitive window diameters: 2.2”, 1.2", or 0.5”.

Window density: 585 ug/cm’ standard. <100 zg/cm®, optional.

Detactor efficiency for C"B: >249 (std window), >32%
(uthin windows).

Detector efficiency for Sr*g8: >45% (std and ucthin windows).

Detector efficiency for Pu™y: >259% (std window),>32%
(uthin window),

Uniformity of efficlency: < =59 over central 90% window
arex.

Operating voltages: typically 850 %50 V (Geiger), 1050 =50
V (a prop), 1450 =50 V (8 prop).

Scintlitation detectors:

Crystal: 2” dia x 2" d, Nal(T!), 3" dia x 3” d on special order.
Crystal window: 0.015” Al
Resolution: <89 FWHM (Cs* photopesk).

Shlelding: 4”7 or 2”, 4z, low-background lead in gas-Aow systems.
4" low-background lead in scintillation systems. 4” OFHC cop-
per on bottom of cavity, 14” OFHC copper between guard and
sample detectors.

Top

Guard detector: gas-flow detector, ultra-low background systems
only. Operating voltages, 850 £50 V (Geiger), 1450 £50 V
{prop) . y-anticoincidence loss nominally 0.01%.

Background: ultra-low background gas-flow systems, <0.1 ¢pm
(0.5” window), <0.5 cpm (1.2” window), <1.5 cpm (2.2”
window). Standard-background gas-flow systems, <3 cpm (0.5
window), <9 cpm (1.2” window), <24 cpm (2.2” window).

Maximum count rate for 1%, counting loss. 2 x 10' cpm
(Geiger), 5 x 10' ¢pm (prop), 10° cpm, systems for high count
rates.

Outputs: gross detector counts, gross guard counts, and ner couns
ate available from front panel connectors.

General

Operating voltage: 115 V or 230 V, 60 Hz, 50 Hz opcionally
available. (Specify 5551A High-Voltage Supply, Option 01.)

Gas required: 99.05% He, 0.959% isobutane for Geiger detector;
90% Ar, 10% methane for proportional detector. Pressure S
PSIG recornmended, 10 PSIG maximum.

Gas Input conneclor. accepts 14" copper tubing; adapter supplied
for 0.094” 1D. plastic gas tubing.

Gas consumption: 0.07 SCEH (33 cc/min). A 200 ft* gas tank will
last about 4 months with continuous flow.

Nuclear counting systems
The table which follows indicates which insleuments make up each
system.
System components

G10-Flow Gae-Flow
Ulira-Low Standard Soln-
dystems Brokground Backyround | lDlatlon
Syslem Components G6B1A  §B8B2A | 558SA  G§584A | 55BGA
[ 5S60A Automatlc sample changsr ®
55B0A Nim power supply @ [} [] [ o |
S55TA High-voltage power supply ® [ ® ®
| HOAZ-S050A Diglta! recorder o & ® ® | & |
5884 Preamplifier {In 55604) [] [ X HIK ] & >
B582A Linesr amplifier ®
55834 Single-chafinel analyzer K ) [} & |
55904 Scaler-timer & |
Gas-
a(‘S goe‘fmdgé%cf‘iee'pands on system){4 ¢ ® * .
Quard geteclof | @ ®
10601A Sclatillalion detector | ®

"Nay(T1) 2 x 2 in., preamplifiar Incjuded.
$5582A 2 recommended accessory.
t1Geiger 0.5” dia fornished unfess optien is ordered.
The following table shows options which are avaifable to help you
tailor your nuclear counting system to your exact needs.

Options
Ggation 01 Remove manual drawar
Qption 02 Ada a second 3 x 2-In. Nal{T() delector below cavify*¥
Qption 03 Add deep planchel helder; ramove shatiaw hdtder
Optlon 04 Remove sample number readout
Option 05 Propenticnal, 0.5 In. diat
Opilon (6 Geigers, 1.2 )n. dla}
Qption 07 Proportional, 1.2 (. diat
Option 08 Galger, 2.2 in. dlat

Optlon 09 Proportional, 2.2 iw. dia{

Option 10 Galger, 0.5 1n, diatt

Option 1 Proportional, 0.5 1n, diatt

Option 12 Gedger, 1.2 10, diatt

Option 13 Proportional, 1.2 in. diatt

Oplion 14 Gelgar, 2.2 In, diat¥

Option 13 Proportienal, 2.2 In. diaf}

Optioa 16 Sobstitute microthin window, 0.5 In. deteclor

Optlon 17 Substituta mlcrothin window, 1.2 in. detactor

Optioa 18 Substitule microthin window, 2.2 In. detecior
Oplion 19 Modify (or scintillstion deteclo

*+«Second S551A High-Voltage Powsr Supply required; not furnished.
$For BSBLA, 55624,
$4¥For 53634, 5564A.

Power requirements and weights

mfﬁ:, sll:'l'm.\:‘:;. ihtpm;d Wi, Shl;#l;‘llq“ Wi,

5560A Sample

changer 30 85 — 85
5614 system 380 216 692 908
5962A 425 206 692 S18
S563A 380 208 270 478
35644 systam 380 213 270 433
S563A system 400 221 532 813

Price; depends upop system components selected. A typical ulra-
low background system is $10,555.

g1
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Advantages:

Preset time or count
Output for HP printers
6-digit in-line readout
200 ns pulse resofution
Output for ratemeter
Highly stable

The Hewlett-Packard scaler-timers allow wide flexi-
bility in nuclear counting applications. The HP 5201L
Scaler-Timer has 2 single-channel pulse height analyzer that
allows manual or automatic spectrometsy. In manual opera-
tion, the two integral discriminators have a digita} (voltage)
readout, and the discriminator levels are stable to 0.01%
per °C full scale. In automatic operation, the lowec level
discriminator may be scanned by application of an external
voltage.

The HP 5201L and 5202L differ in that the pulse height
analyzer in the 5201L is replaced by a simple integral dis-
criminator in the 5202L. Both may be used to totalize
counts, count for a preset time or register time for a preset
number of counts to occuc. They have selectable preset
count times in integral multiples of 0.1 second or 0.1
minute and utilize the power line frequency as the time
base. Sampling mode may be either automatic or manual.
The HP 5203L Scaler may be either manually operated or
externally gated. It may be slaved to a 5201L or a 5202L.

All of the scalers and the scaler-timers have the same
input counting capability with multiple pulse resolution of
200 ns. A binary-coded-decimal (BCD) output for driving
HP digital recorders or other devices is provided in these
instruments as a standard feature.

The compact modular cabinet design gives high porta-
bility, maximum utilization of space, plus the ability to
convert quickly from bench to 19 in. rack mouaring con-
figuration (all conversion hardware included at no extra
cost).

Specitications, 5201L
Generat

Resolving time: preset time mode, 200 ns, preset count mode
10 us.

Msximum periodic count rate: preset time mode, 5 x 10°
counts/s; preset count mode, 1 x 10°* counts/s.

Preset count times: 0.1 5 10 9,999.9 s in 0.1 s steps; 0.1 min
0 9,999.9 min in 0.1 min steps.

Sampiing modes: “"AUTO" position allows repeat of count
at sampling rate. Sample time is 200 ms plus count time.
"MANUAL" position requires that "START" button be
depressed to start sample.

Accuracy: =1 count = time base accuracy.

Tima base: power line frequency (typically =0.19 or bet-
ter). 100 kHz crystal time base optional).

Gate In: gate opens with external de level > 45 V and
< 420 V. Gate closes with dc Jevel < +2 V.

Gate out: > 415 V when gate open, <42 V when gate
closed.

Reset: front panel pushbutton,

Power; 115 V or 230 V =%=10%, 60 Hz, 60 W (50 Hz
version optional).

=% SCALER-TIMERS

Gross counting and pulse height analysis
Models 52011, 52021, 5203L

Temperature range: —0°C to +55°C.
+20 V power supply: cutput through cear TNC.
Pulse height analyzer
Modes of operation: (2) integral; (b) differential with nar.
fow window; and (c¢) differential with wide window.
Input clrcuit: ac coupled. Impedance 500 ohms. Maximum
inpuc pulse rise time is determined by 1 ms input time
consrant,
Polarity: positive or negative (selectable).
Output: nominal 0.5 V pulse into 50 ohms for ratemeter
input.
Nal (T1) scintilletion counting performance
Discriminator ranges: E... and En.s are adjustable from
0.05 Vtos.oV.*

AE range: adjustable up to 0.5 V.¥

Discriminator stability: =0.01%/°C full scale (=0.5 mV/
°C) change in Emis 2nd Ewexi and less than £0.1%/°C
of full scale (0.5 mV/°C) change in OE over 0 to
+55°C and with =109 line voltage variations.

Integral linearity: +0.259 of full scale.

5 MHz scaler pertormance (integral mode onty)

Muitipfe pulsa resojution: 200 ns.

Minimum puise requirements: 40 ns minimum pulse
width, 0.1 V peak.

Functions

Preset time: displays number of counts during preset time
interval of 0.1 s or 0.1 min, x preset aumber N.

Preset count: displays number of 0.1 sec or 0.1 min intervals
required for N counts to occur.

Preset range: “N” number selectable 1 to 99,999 on thumb-
wheel switches.

Manual: counts from discriminator are totalized for (2) time
between pushbutton START-STOP; or for (b) time dura-
tion of a dc level applied at rear connector. (See Gate In,
above.)

Specifications, 5202L
(same as 5201L except as follows)
Pulse Helght Analyzer:

Lower level only.

(nput pulse range: 0.1 to 5.0 V (max peak pulse ampli-
tude).

Level adjustment: variable over small range around 80 mV
(factory setting).

Input cireult: ac coupled. Impedance 1000 ohms. Maximum
input puise rise time is determined by 1 ms input time
constant.

Minimum pulse requirements: 40 ns minimum pulse width.

Multiple puise resotution: 200 ns.

Specifications, 5203L
Genaral
Resolving time: 200 ns,
MaxImum perlodle caunt rate: 5 x 10° counts/s.
Gate In: gate opens with external de level >+5 V and
< + 20 V. Gate closes with d¢ leve]l < -2V,
Gate out: >15 V when gate is open, < -2 when gate is
closed.
Reset: (a) {ront-panel pushbutton or (b) automatic internal
reset.
*AE is differentlal between E

and E
En1a )5 teve) set by Lower Lev'él Dlscrlnﬁznator (LLD)
Em“ Is leval set by Uppsr Level Discriminator (ULD)



Power: 115 or 230 volts =10%%. 50 1o 60 Hz, 45 W.
+20 V power supply: output at rear TNC.
Discriminators: same 25 $202L.
Functions

Check: totalize internal source of approx. 80 kH:z when
START button is depressed.

Specifications, all models

Printer output

Output: 4.line BCD (1-2-4-8) code, "1 state negative stan-
dard; (1-2-4-8 code, "1 state positive or 1.2.2-4 cade, "17
state pasitive optional).

Impedance: 100 k ohms each line.
Positive state level: +18 V.
Negative state level: —8 V.

Reference levels: +17.6 V, 330-ohms source impedance.
—6.9 V, 1000-0hm source impedance.

Print command: 28 V step, from 2700 ohms in series
with 470 pF.

Hold-off requirements: externally applied 45 V 1o —6 V.
Printer output connector: 50-pin Amphenol 57-30500, rear.
Physlcal

Reglstration: ¢ long-life rectangular digital display tubes
with display storage.

Olmensions: 163" wide, 3-15/32” high, 1134 deep (426 x
88,2 x 286 mm).

Weight: 18 Ibs (8,2 kg) net: 23 Jbs (10,4 kg) shipping.

Accessarles furnished (5201L, 5202L and 5203L): two HP
10519A Cables, 6’ tong, BNC connectors; circuit board ex-
tenders: detachable power cord.

Prices: $S201L, $1950; 5202L, $1400; 5203L, $950.
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Advantages:
FET Protection
Quick-change Bias Resistor
Switch-selected charge sensitrvity, voltage gains
Can be used as combination preamp amplifier

Model 5554A

The HP 5554A ends the experimenter’s need for a multi-
tude of special-purpose preamplifiers by providing a single
unit that can serve with a variety of detectors, including semi-
conductor, gas proportional, Geiger, and scintillation, This
versatile charge-sensitive preamplifiec can be set up for a dif-
ferent detector as fast as the user can reset the charge senst-
tivity and gain switches, and can slip a replacement bias
resistor between the quick-connect clips. No soldering of
components is needed.

The 5554 A accepts a burst of charge (current pulse) from
2 nuclear detector and produces an output pulse of voltage
proportionzal to the amount of chacge in the bursr. This, in
turn, is propottional to the energy of the incident nuclear
particle or gamma ray photon.

The circuit comprises a charge-sensitive stage coupled to
a voltage amplification stage cither of two ways, switch-
selected: via a pole-zero cancellation network that eliminates
vndershoot and gives an output pulse ideal for input to 2
linear amplifier; or, via a shaping network that differentiates
and integrates the output for direct input to pulse analyzing
equipment.

The input device is a field-effect transistor (FET) for low-
noise performance. The FET is diode-protected against dam-
age from high voltage transients, or protection can be
switched out for lowest noise performance.

Noise performance is excellent; at zero external input
capacitance, FWHM (Ge) is 2.2 keV (typ).

The 5554A is ideal for use with the HP nuclear instru-
ment modules (NIM) in the AEC-compatible configuration.

PREAMPLIFIER

General Purpose
Model 5554A

Specifications
5554A Preamplifier

Charge sensitive preamplifier
Signal input polarity: either.
High voltage: 2.5 kV max, either + or — as required far detector.
HV decoupling: 3 stages, R = 1 M, C = 0.0047 uF, » = 4.7 ms.
Detector bias resistor: inserts berween spring-loaded clips.
1000 M, 100 M, 4.7 M provided; others may be used,
Charge sensltivity (conversian gain):
With non-shaped output pulse: 10, 100, or 1000 mV/pC
(millivolts per picocoutomb) nominal.
With shaped output pulse: 3, 30, 300 mV/pC nominal.
Voltage amplifier
Gain: with Ry = 50 Q: 1,2,4,0r 8; With Ry > 500 ©: 2.4.8,0r 16.
Loss as a function of Input capacitance: <39 at 100 pF
for conversion gain 300 or 1000: otherwise much less. Gain
overall is conversion gain x voltage gain.
OQutput
Polarity: inverted from input.
Postive output: into 2 50 Q lvad, dynamic range 1s 5 Vi into
2500 £.10 V (with voltage gain X2,X 4. or X8).
Negative output: into 2 50 @ load, dynamic mange is 3.5 Vi into
=500 Q, 7V (with voltage gain X2, X4, or X8).
tmpedance: 50 Q.
Note: outputs measured with power input 2t 24 V.
Tail pulse:
Rise time: SO ns ar zero exterpal capacitance.
Tail time constant: 100 us,
Pole-zero cancellation.
Shaped pulse:
RC differentiation, integration time canstants: both 1 ps.

Noise
External rms lon FWRM, keV
Input Capasltance, pF pairs (Qe, 2.98 eV/ion pair
Typical Max. Typical Max,
0 fto 360 g.z 25
10 360 410 2.5 2.8
100 780 900 5.4 8.3

Noise slope: 0.038 keV /pF max: typ. 0.033 keV /pF.
Stabllity, linearity
Temperature stability: 0.01%./°C (nonshaped pulse).
integral nonlinearity: 0.05¢%.
Power required: +20 to =24 V dc, 80 mA max.

Physicatl
Cannectors:
Detector input: BNC, female, high valtage type.
Output: BNC, female.
Test Input: BNC, femazle, 50 Q termination. Capacitor, 1| pF
+0.25 pF.
Low voitage: TNC, female, +20 10 =24 V d¢.
HV: BNC, female. high voltage type.
FEY protection switch: diode network. nosmal ar out.
Dimensions: 3" wide, 21/ high, 8% long (76 x 57 x 210 mm).
Weight: net, 1.1t 1b (0,506 kg) : shipping. 2 Ib (1 kg).
Accessories furnished:
Power input cable, TINC connectors, 6 ft. long (HP 10517A).
Bias resistor kit: 4.7 M, 100 M. 1000 M.
Accessories available:
High voltage cable, 6 fr. long, HV-type BNC connectors, (HP
10516A, $10.00).
Price: 55544, $300.00.
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SCINTILLATION DETECTORS %
Premium resolution, stability with low drift w
10600A Series

NVUCLEAR

Advantages:

Low drift characteristics

Premium resolution and stability

Hewlett-Packard scintillation detectors utilize selected

sodium iodide (thallium activated) crystals and photomulti-
plier tubes as integral assemblies. These assemblies com-
bine efficient scintillators for gamma cay detection with
photomultipliers having the best fight collection char-
actecistics, A preamp-amplifier with three Jevels of gain
completes the scintillation detector and is capable of driving
Hewlett-Packard pulse height analyzers directly. The LTC
(long-time constant) position on the gain switch gives a low
gain output for use into an external amplifier such as the HP
$582A Linear Amplifier.

The HP scintillation detectors are available in both solid
and well configurations, with 2x2 and 3 x 3 Nal (TI)
crystals. A magnetic shield utilized in all detectors masxi-
mizes protection from external ac and dc magnetic fields.
The entire assembly is sealed against moisture {n a stainless
steel case, A TNC connector is used for the low-voltage
power supply input, 2 high-voltage BNC connector is used
for the high-voltage power supply input, and a BNC con-
nector for the signal output. A focus controf and three-
position selector switch (for sclecting: long time constant;
short time constant, X1 gain; short time constant, X10
gain) are accessible on the detector assembly for optimizing
measurcments,

-

10602A 10612A

10611A

-

N\

Typical Detectors and
view of switches,
terminals

Specifications
All Madels

Crystal: Nal (T!).

Typlcal output:
Long Time Constant {LTC) 0.30 V/MeV.
Short Time Constant, Gain 10: 1.8 V/MeV.
Short Time Constant, Gain 100: 18 V/MeV.
(Detector at 25°C, High Voltage 1000 V)
Magnetic fleld effects:

AC: < F0.5% change in pulse height (2 gauss rms).
< £0.1% change in resolution (2 gauss rms) 60 Ha.
DC: < %0.5% change in pulse height (=2 gavss field).
Amplitier
High voltage Input: 2000 V (max.), 7.35 MR (approx.).

Low voltage input: +20 V at 21 mA (+ 25 V max. inpur).

Typical output puise shape @ 25°C:
LTC: 0.25 us rise time-constant, 12.5 s fall rime-constant,
30 us fall time, peak to 0 volts,

Gain: X10 0.25 us rise time-constant, 1 as fall time-constant.
3 ws fall time, pesk to 0 volts,

Gain: X100 0.25 #s rise time-constant, 1 as falf time-constant.
3 us fall time, peak to 0 volts.

Maximum no load output:

LTC +4V
X10 10V
X100 T10V

Output impedance: 502 nominal.

Physical

Focus coatrol: to adjust photomultiplier tube for optimum gain
and resolution.

Connectors:
Low voltage: TNC connector (female).
High voltage: high voltage BNC connector (female).
Signal output: BNC connector (female).

Gain switch: 3-Position Slide Switch:
LTC: Long Time Constant.

X10; Short Time Constant, Gain 10.
X100: Short Time Constant, Gain 100.

Magnetic shield: internal between integral assembly and case.
Case: stainless steel, moisture proof.

Accessorles furnished: one HP 10517A cable 6" long, TNC
connectors.




86

NUCLFAR costinued

Specifications
{ndividual
Mode! Type 10601A 108024 108114 T 108124 | 108134 106144
Crystal Type Solid Wall Type
Crystal Dimensions 2 dia x 2” long 3” dia x 3” long 2" dia x 2" long 37 dia x 3" loag 2" dis x 27 fong 3” dia x 37 fong
Well Dimensions 1" dia x 2y32" dia x 21/32” da x 1.024" dia x
1-35/64” deep 2" deep 1-35/64” desp 2-3/64” deep
(25,4 x 33,3 mm) (16,7 x 50,8 mm) (16,7 x 33,3 mm) (26 x 51 mm)
Resolution < 8% FWHM* <109 FWHM*
Orift < = QGM* < =)PHH < 204 < = | GH¥ < =295 < == )77
Staditity < = QUK < e | GHk < =297 ¥ R /A < =292 < =197¥>*
Overall Dimensions 247 dia x 344”7 dia x 2%” dia x 317 diax 2% dig x 314" dia x
12v4” loag 13%” long 12%“ long 13%” long 12%” long 13%" long
(70 x 312 mm) (82 x 350 mm) (70 x 324 mm) (82 x 350 mm) (70 x 324 mm) (82 x 350 mm)
Crystal Window 0.015” 0.019” 0.010” Alyminum
Aluminom Aluminum
Weight: Net 51bs (2,3 kg) 81bs (3,6 kg) 51bs (2,3 kg) 8 (bs (3,6 kp) 51bs (2,3 kg) 8 lbs (3,8 k)
Shipping 12 Ibs (5,4 kp) 15 1bs (6,8 k@) 12 1bs (5,4 kg) 15 [bs (6,8 kg) 12 lbs (5,4 k@) 151b5 (6,8 kg)
Price $835 31475 $885 $1565 3885 $1565

*EWHM = Full width sl half maximum of Cs-137 ghaio pesk.
“*Pyise Height change at 25°C over 24 hours at 1000 ¢ps.

“x*Rate shift change from 1000 ¢ps 1o 10,000 cps (integrel count rate Cs-137).

PREAMP-AMPLIFIER

Three levels of gain, pulse shaping

Model 10615A

10615A

K02-10600

K03-10600A

N

The Hewlett-Packard Model 10615A Preamp-Amplifier
accepts input from a scintillation detector or other nucleac
detector and provides output pulses suitable for driving 2
scaler or other follow-on instrumentation. The 10615A s
the same cxcellent preamp-amplifier used in the HP Scintil-
lation Detectors, Series L0G00A. With the 10615A, special-
purpose, high-performance detector assemblies can be quickly
and easily made. A standard 10-stage photomultiplier tube
plugs directly into the 10613A's recessed socket; a BNC
adapter (included) provides for easy connection of units
that cannot be plugged in directly. The 10615A is housed
in a sturdy metal case that provides excellent RF] and noise
shielding. This case also permits convenient decontamina-
tion, should that become necessary.

The uait is compatibfe with HP Scalers and High Voltage
Supplies. Dimensions: 2.95 in. (75 mm) diameter, 6.25 in.
(158 mm) long. Price, $295.

X-Ray Detector

A low-noise, low-background x-ray detection system is
easily arranged with use of the 10615A, as shown. The
10615A connects to an x-ray detector assembly comprising
a voltage divider adapter and a Nal(T1) crystal. The
adapter has two BNC connectors, one for the signal and
the other for the high voltage. (Note that no high voltage
connection need be made to the 10615A°s high voltage
terminal when an adapter is used.)

K02-10600A X-ray detector, Nal(T1) crystal,

Price, 8425.

K03-10600A Plug-in voltage divider.

Price, $100.



87

SIGNAL AVERAGING w [ DIGITAL ANALYZERS

A new method of signal averaging givas 2 continuously calibrated display.

Conventional method

For more than a decade man has been
able to make use of signals previously
too obscured by noise to be usable. The
process used has been a form of averag-

ing.

If the signal was repetitive, successive
repetitions could be sampled and added
to the sum of previous repetitions. That
part of the signal thar repeated exactly
each time reinforced the sum while ran-
dom posirive and negative components of
noise evencually cancelled themselves out.
To obtain a value for the amplitude of
the waveform involved dividing by che
number of sweeps.

This process is called “‘summation”
averaging and is shown in block form in
Figure 1. The sync signal marks the be-
ginning of each repetition and puts the
sampling circult intc operation. The
sample values are converted to digital
form, stored In successive locations of
memory and when the last location of
memory is filled, the process stops until
another sync pulse arrives. At that time
the process starts over again, adding the
new sample values to what is already in
memory. The aformation in memory is
converted to analog and in some units

displayed on a built-in CRT. The result-
ing display is the waveform growing out
of the noise. As the waveform grows, it
must be scaled down to keep it on the
CRT.

Problems involved

There are three major drawbacks en-
countered in using the conventional
“summation” averaging to reduce noise.

First, the waveform is never calibrated.
During the experiment the waveform is
continually growing on the CRT, so the
operator must wait untul the experiment
is over, and then maaually (sliderule or
otherwise) divide the amplitude by the
number of sweeps. Thus no information
other than waveshape is available uatil
the end of the experiment.

Second, it is difficult, if not impossible
to perform experiments involving stowly
changing, but noisy signals. Or alter-
nately, if the researcher wants to vary
any experimental parameters and observe
the results, he musc perform a new ex-
periment for each change.

Third, if the waveform is a very low
frequency, the sweep speed is so slow that
the resulting display is a spot jumping
from poiat to poiat where the waveform
should be. Even if the sweep speed is fast

enough to give the appearance of a com-
plete waveform, if the repetition rate is
low, the display will be a flash of the
waveform once each repetition, Thus
there can be no visible display of the
waveform until the experimeat is over,

Even with these drawbacks, “summa-
tion”’ averaging has been the best method
available up until the introduction of the
HP 5480A Signal Analyzer.

The new method

With the 5480A, not only is the dis.
play of your waveform always calibrated
(in volts/cm) and always visible, but if
the waveform changes, the display can
follow.

These exclusive features are made pos-
sible through 2n analog-digital feedback
technique to calculate 2 new average each
time a dara poiat is handled. This new
average is derived by use of the old aver-
age, the new input value and the number
of sweeps which have been taken. Be-
cause the 5480A stores the average value
rather than the sum in memory, it alwaays
has a calibrated display.

A more detailed explanation of cali-
brated averaging techniques can be found
in the Aprcil, 1968 HP Journal.

INPUT —& SAMPLER || A0C INPUT | apc
ACCUM—_J
ruurrm
;
_ 1 pro- ADORESS | core PRO- ADDRESS CoRE

SYNC—— GrAMMER REG\STER ) MEN- DAC 5'"°‘_1 GRAMMER REGISTER MEN- DAC

SWEEP

COUNTER 0ac H CRT ( iR OAC CRT

Figure 1. Caaventianal method of ‘“‘summatlon” averaging. Figure 2, HP method of true “calibrated” averaging.
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For averaging, histograms, and MCS
Model 5480A

&

5480A

Signal Analyzer

_/

Advantages:

Calibrated averaging gives continuously calibrated dis-
play.

Display is always visible——regardless of sweep time or
repetition rate,

Weighted averagiag allows averaging of slowly chang-
ing waveforms.

The Hewlett-Packard 5480A Signal Analyzer marks a new
level of achievement in extracting usable signals from a noisy
background. Now, for the first time, you can view a continu-
ously calibrated display of your waveform as it is averaged.
As a result of the newly developed algorithm used to pro-
duce the average, the only change in the display is a rapid
transformation from noise into a distinct waveform.

Also for the first time, you can average a waveform that is
changing. Logic circuitty follows slow changes by placing
more emphasis on new data. This means you can watch the
effects as you vary parameters.

A common problem encountered with conventional signal
averaging techniques is that at slow sweep speeds or repeti-
tion rates, the operator cannot see the waveform as it is
processed. Hewlett-Packard has solved this problem, how-

ever, by using 2 separate andlindependent addsess register for
display. The result is a display which is always visible and
never flickering—even between sweeps.

The plug-in design of the HP 5480A Signal Analyzer not
only guards against obsolescence, but also allows for a far
more versatile instrument. The mainframe contains the core
memory, with related circuitry, digital to analog converters,
and CRT Qisplay, while the two plug-ins chosen depend
upon the specific application.

The two standard plug-ins (the HP 5485A Two Channel
Input plug-in and the HP 5486A Control plug-in) provide
not only complete averaging capability, but also histograms
and multichannel scaling (MCS). Frequency histograms
from dc to 1 MHz and time interval histograms from 10 usec
to 500 sec can be performed. Multichannel scaling to 1 MHz
with dwell times from 10 usec to 0.5 sec are also standard.

Input/output flexibility is another convenience of the HP
5480A Signal Analyzer. Over 200 input and output connec-
tors solve victually any digital or analog interfacing problem.
Through direct interface with a card and cable assembly, the
BP 5480A becomes an input/output device for any HP
computer. By interfacing through the Hewlett-Packard
5495 A Input/Output Coupler, the Signal Analyzer will com-
municate with a wide variety of computers, as well as with
punched tape readers, tape punches, teleprinters, and printers.



Specifications

Calibrated averaging mode

In this mode, the averager performs e true calibrated average.
Waveform amplitudes are read directly from the CRT in volts/cm
without normalizing.

Input characteristics: (for 5485A Two Channe! Input plug-in)

Bandwidth: dc (2 Hz ac coupled) to 50 kHz.

Sensitivity: s mV/co to 20 V/cm in 1, 2, S steps.

input Impedance: 1 MQ shunted by 25 pf.

Polarity inversfon: +up or —up selectable.

A+ B: adds channel B input to channel A input and sum is fed
through channel A, Polarity of either channel may be inverted
to give difference.

ALT: Processes and displays both channels simulitaneously.

Resolution: 1000 points (or 500 or 250 by front panel selector),

Sampling rate: 2 samples/sec through 100,000 samples/sec in t. 2,
S5 steps.

ADC clock rate: 20 MHz.

ADC resolution: 9 bits from 50 sec/em through 5 msec/cm. 7 bits
at 2 msec/cm, 5 bits at 1 msec/cm.
Triggering:
External:
Stope: + or — selectable.
Amplitude: >100 mV, <10 usec rise time.
Teigger: level is adjustable.
Input impedance: 1 MQ shunted by 30 pf.

Internal: sweep is triggered by internally generated puise occur-
ring at end of each sweep. This free-running mode is used to
contro! the experiment.

Line: sweep 15 triggered by line frequency.

Pre analysis delay: 20 usec through 0.5 secin 1, 2, $ steps.

Past analysis delay: continuously variable from 0.01 to 10 sec.

Sweep time: 1 msec/cm through 50 sec/cm in 1, 2, S steps
External time base: up to 20 kHz allows sweep times from 5 msec/

m to o0 -

Horlzontal magnlfier: expands horizontal axis by facior of 3,

Sweep number: numbes of sweeps to be averaged may be pre.
selected from 1 through 2" (524,288) in powers of 2,

dB improvement: dB of signal-noise ratio improvement from 0 dB
to 57 dB in 3 dB increments can be selected.

Memary selection: operator may select any quarter, either half, or
full memory (1000 points) for each channel independently.

Overlap display: two waveforms may be stored, whife two more
are processed:; then all four displayed simultaneously for compari-
son,

Display: operator may selece CRT display of waveform as it is aver-
aged, noise portion only, or input signal after sampling.

Weighted averaging

In this mode the averager is able to follow a slowly changing
waveform. This is accomplished by placing more emphasis on new
data, The averager essentially “forgets” old data in favor of the new.

All specs are identical with Calibrated Averaging.

Summation mode

[n this mode the averager merely adds successive repetitions of
the noisy waveform, resulting in an uncalibrated display which is
proportional to the averaged signal.

Sensitlvity multipller: manual adjustment allows scaling of ertical
ep or down in power-of-two increments up to 64 counts/cm.

Automatic scallng; provides automatic scaling down of vertical in
power-of-two increments 10 keep display on screen.

Stable baseline: baseline always represents zero volts.

All other specs are identical with Calibrated Averaging, except
Weighted Averaging is not posstble, )

Histogram mode

[v this mode the averager displays a probabilicy versus frequency
(or time interval) plot. The number of incoming pulses in a set gate
time determines the memosy location into which a couat is placed.
After several gate times, a distribution results.

Input characteristics:
Bandwidth: dc to 1 MHz.
SensRivity: 100 mV,
Input impedance: 1 MQ shunted by 30 pf.
Frequency renges: 200 Hz/cm through 10 MHz/cm in 1, 2, § steps.
Time interval ranges: 50 sec/cm through 1 msec/cm in 1, 2, §
steps.
Preset totallzer: if desired, operator may preset number of values to
be histogrammed from 10° through 107 in powers of 10.
Sensitlvity multiplier; expands vertical to 64 counts/cm in power-
of-two iacrements,

Multichannel scaling (MCS) mode

In this mode the averager displays a plot of frequency versus
time. The averager sweeps through memory rémaining at éach loca-
tion for the set gate time. The number of counts placed in each loca-
tion is determined by the number of incoming pulses occurring duting
the gate time.

Pulse requirements:

Amplitude: >2 V (20 V max).

Maximum repetitlon rate: 1 MMz

Minimum pulse width: 500 ns.

Putse pair resolution: 500 ns.
lnput impedanca: 3 kQ minimum.

Dwell time per channeb: 10 usec through 0.5 se¢ in 1, 2, S steps

(external time base: 50 psec t0 co ).

Sweep modes: sawtooth or triangular sweep. External time base
input allows any desired sweep shape.
Triggering: external triggering is possible on sawtooth sweep.

Outputs

Analog:

X-Y Recorder:

X: 0to 10 V sweep ramp; 0.29, linearity.
Y: —4 1o +4 V; output is proportional to CRT display (0.5 V
output per cm deflection); 0.29% linearity.
NOTE: These X and Y signals will drive other devices such as
scopes, or NMR systems.
Penfift signal: +5 V = pen up; 0 V = pen down.

Z-axis: 35 volt blaaking pulses for external scope display.

Point plotter: (typically Moseley 7004A).

Seek: +10 V, >50 usec pulse to tell point plotter to seek a
aull,

Plot: > -2 V, 200 nsec puise accepied from point plotter
indicating plot is complete.

X.Y signals are same as above,

Sweep voltage: 0 to +1 V sweep ramp; conveniently adjusted by
changing resistors (o give output ramp going from 0 V to any
value between 0 to +10 V.

Sync: “Pos” provides +12 V, >0.5 psec pulse at starc of each
sweep (before pre-analysis defay); “Neg" provides same except
—-12 V.

Sampling pulses: pulses go from -5 volts to ground and retutn
to +5 V once each time the input is sampled.

Pulse width: 100 ns,

Noise: train of volrage pulses whose amplitude equals difference
between input and average; amplitude is proportional to CRT
display of noise (V5 V per am deflection), ( This signal can be
gated with Z-axis output) .

Digital: four 50-pin connectors interface the averager, through the
5495A 1/Q Coupler, to computess, teleprinters, tape punches, wtpe
readers, and printers, (See 5495A 1/0 Coupler on next page). A
direct interface o all HP computers is also available.

General

Pawer: 115 or 230 volts £10%, 50-400 Hz, 175 wats.

Dimensions: 16%” wide, 12Y5" high, 2434” deep overall (425 x
311 x 593 mm).

Weight: 76 Ib (34,5 kg) net.

Price: S480A. with S485A and S486A plug-ins, $9950.00.
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DIGITAL ANALYZERS

Advantages:

Interfaces printecs, tape readers, tape punches, tele
printers, and computers.

Cardcable assemblies allow plugging in additional
digital peripherals at any time.

Capability to add, subtract, or move any quacter or half
of memory to another,

The HP 5495 1/O Coupler serves with the HP 5480A
Signal Anzlyzer (see preceding page). The 1/0 Coupler has
two main functions: complete digital input and output inter-
facing for the HP 5480A and some pracessing of wave-forms
stored in the 5480 A memory.

i/0 COUPLER

Complete digital interfacing for the HP 5480A

Model 5495A

Using only a printed circuit card and cable, you can add
digita) peripherals to your averaging system as needed by
merely plugging the cacd and cable into the back of the
coupler. Because of the versatile parallel-serial input/output
format used, it is possible to interface with many different
COMPUtErs.

‘The HP 5495A will add or subtract two waveforms stored
in memory, then place the result back into memory.

Color coding of front panel controls makes operation al-
most self explanatory. Output controls are in blue, input in
red and precessing controls in white. To further simplify
operation, an error light warns of either an iliegal control
setting or an improper format from an input device,
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Specifications
Computer

Direct interface ta: HP 2114A, HP 2115A, HP 2116A Computers
Data flow: input and output
Operating mode: asynchronous
Data transfer mode: parallel-seria); the 24 bit binary words of the

5480A Signal Analyzer are traasmitted in 3 segments, § bits at 2

time.
Format:

HP 5480A 24-bit Word

PJ )
3rd 2nd

Order of transmission
This versatle format makes possible interfacing with a wide
variety of computers.
Data code: binary
Data transfer rate: 20,000 words/sec.

Teleprinter

Direct intertace to: HP 2752A Teleprinter

Data flow: input and output

Operating mode: synchronous

Data transfer mode: bit scrial

Format;
2 lines of data, five words each (words are 7 decimal digits plus
sign); chen a blank line and 2 more lines of dara. This pattern re-
prats for 10 lines of data (50 words); then 2 blank lines, after
which the whole pattern repeats. Symbol # indicates stare of data;
symbol § indicates end of data

Dats code: Standard ASCI]

Data transfer rate: 10 characters/scc.

Paper tape output
Direct interface to: HP 2753A High Speed Tape Punch

1st segment

Dats flow: output
Operating mode: asynchronous
Data transfer mode: character serial
Format: samc as telepriater
Data code: Standard ASCIL
Data transfer rate: 120 characters/sec.
Paper tape input

Direct interface to: HP 2737A High Speed Tape Reader
Data flow: input
Operating mode: asynchronous
Data transfer mode: character serial
Format: same as teleprinter
Data code: Standard ASCII
Data transfer rate: 300 characters/sex.

Printer
Direct interface to: HP 5050 Digital Recorder
Data flow: outpui
Operating mode: asynchronous
Data transfer mode: word parallel
Format:

Printer output paper

$CCGC CiGC GG

S is sign of data (*’-"" or blank)
Ci-C, are decimal digits (“‘0"" thru "9")

Data cods: BCD, 1-2.4-8 positive true
Data transfer rate: up to 20 lines/sec.

General
Powar: 115 or 230 volts =10, 50-60 Hz, 100 waas.
Dimenstons: 16%;” wide, 7-9/32” high, 18%.” deep overall (425 x

183 x 467 mm).

Weight: 32 1b (14,5 kg) net.
Price: on request.




ACOQUSTIC INSTRUMENTATION f

Unfortunately for those trying to mea-
sure and evaluate sound objectively in
terms of the sensation experienced by
humans, this sensation seems to involve
complicated physiological and psycho-
logical mechanisms. Indeed, loudness
evaluation is several orders of magnitude
more complex than measuring the purely
physical quantities of sound pressure and
sound pressure level,

Since Joudness is a subjective quantity
the primary inscrumeat for measuring it
can only be 2 human observer.

To determine whether one sound is
louder. equally loud, or less loud than
another, we would have to let a statisti-
cally significant number of people com-
pare the sounds and then average their
opinions. Similarly, to determine how
loud 2 sound is, we should have to choose
a standard sound and have a significant
number of people compare the unknown
with the standard.

In acoustics the accepted standard is
a pure | kHz tone or narrow-band noise
centered at 1 kHz. The loudness level of
any sound is defined as the sound pres-
sure level of a standard sound which ap-
pears to a significant number of observers
to be as loud as the unknown. Loudness
level is measured in phons, the loudness
level of any sound in phons being equal
to the sound pressure level in dB of an
equally loud standard sound. Thus a
sound which is judged to be as foud as a
40 dB 1 kHz tone has 2 Joudaess level
L = 40 phons.

Although the logacithmic phon scale
covers the large dynamic range of the ear
{120 dB) conveniently, it does nor fit a
linear loudness scale. A factor of two in
loudness does not cocrespond to double
the number of phons.

[t is also difficult to add loudnesses in
phons. If, for instance, we produce cne
tone at 200 Hz with a Joudness Jevel of
70 phons, and another at § kHz with the
same loudness level, it would be con-
venient if both tones together would yield
a loudness levet of 140 phons. Unfor.
tunately, this doesn’t bappea. The two
tones actually are perceived as 2 loudness
level of 80 phons.

In an effort to obtain a quantity pro-
porrional to the intensity of the loud-
sensation, 2 loudness scale was defined in
which the unit of loudness is called a
sone. One sone corresponds to a loudness
level of 40 phoas. For loudness levels of
40 phons or greater, the relationship be-
tween the numerica) values of Joudness
level L (in phons) and loudness S (in
sones) is given by
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Loudnass Londness
Level (phons) (sones)
140 Threshold of pain 1024
120 Jet aircraft 256
100 Truck 64

80 Orator 16
60 Law conversation 4
40 Quiet room
20 Rustling of leaves
3 Hearing threshold

Table 1
§—2 (L —40)/10

(ISO Recommendation R 131). Table 1
compates loudnesses (sones) and loud-
aness levels (phons) of several common
sounds.

The loudness leve! of a 1 kHz tone is
the same as its sound pressure level. This
wonld 2150 be true of pure tones of other
frequencies if perception were constant
with frequency. However, it (s not. The
loudness level of any other sound (in
phons) is not, in general, equal to its
sound pressure level (in dB).

Equal loudness contours were first pub-
lished in 1933 by Fiewcher and Munson.
Slightly modified curves are now univer-
sally accepted as reference data (ISO
Recommendarion 226). These curves are
for pure tones in 2 frontal sound field
(sound traveling in only one direction
and approaching the observer from the
front).

To human ears, broadband sounds, like
those of jet aircraft, seem much louder
than pure tones or narrow-band noise
having the same sound pressure level.
Rigure t shows what increasing band-
width does to the loudness of noise hav-
ing a center frequency of 1 kHz and 2
constant sound pressure level of 60 dB.
Up to a critical bandwidth of 160 Hz, the
loudness is constant. Beyond that point.
however, there is a marked increase in
loudness. At a bandwidth of 2 kHz the
loudness level L has increased from 60

—~ 80 i
75 |-CENTER' FREQUENCY = iz 3
= 20 ’_ I = 8 _§,
'~ CONTINDOUS SOUND »
Yes ! 2
2 |MPULSNE’ SQUND 2
80 = 4 S
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60 180 330 670 1400 2000

BANOWIOTH {H1)

Flgure ). Effect of bandwidth on loudness,

phons to 74 phons. Loudness S has in-
creased by a factor of 2.5. Similar in-
vestigations using different center fre-
quencies yield different cnitical band-
widths. At a center frequency of 200 Hz
the critical bandwidth is approximately
100 Hz; at 5 kHz, about 1 kHz.

The human ear’s critical bands seem to
be related to another property of the
ear: subjecrive pitch. Subjective pitch
tells us how our ears compare the fre-
quencies of different sounds. Needless to
say, subjective pitch is not linear, ie. a
unit interval is not the same at 100 Hz
and 5 kHz. The unit of subjective pitch
is the mel, Remarkable enough, an inter-
val of 100 mel approximates the width of
a critical band at any point in the audio
range. However, the mef{ is not used. In-
stead, the width of 2 critical band is de-
fined as one Bark. Accordingly, the audio
range comprises 24 Barks.

Two souads presented to the ear
simultaneously produce a sensation of
loudaess which is larger than that pro-
duced by either of them alone. However,
a simple summation of partial loudnesses
can only be carried out if the individual
sounds are separated widely in frequency.
The closer they are in frequency the more
they influence each other, and toral loud.
ness may not be quite so large as the sum
of the partial loudnesses. This effect is
called partial masking. In the extreme
case, it becomes tota] masking, wherein
2 strong sound renders a lower-level
sound completely inaudible. When total
masking occurs, low-level sound com-
ponents ¢annot be heard at all and do
not contribute to loudness.

The sounds heard ia everyday life are
not all uniform. Many, like bangs and
rattling sounds, change rapidly with time.
Loudness is independent of duration for
large pulse widths. Only when the pulse
width drops below about 100 ms does the
level of a pulse have to be increased to
yield the same loudness, The test method
has some effect on the results; however,
regardless of the method the time con-
stant of the ear appears to be between
35 and 100 ms. It also turns out thar the
laws describing {loudness in terms of criti-
cal bands are valid for impulsive sound
as well 2s continuous sound. In practical
terms this means that sound should be
measured with rms detectors with a time
constant between 35 and 100 ms. While
this seems to be 3 loose tolerance in light
of the achievable accuracies in purely
electronic measurements, we must re-
member that we are dealing with a sub-
jective field in which there is yet much
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work to be done. Evea 50, the outpurs of
detectocs with 35- and 100-ms time con-
stants differ by only 4 dB in respoase to
a single 5-ms tone burst, and the outputs
of both are predicrable and thus can be
compared.

Acoustic measurements start with the
transducer (microphone) which converts
audio sound pressure into an electrical
signal. The choice of a microphone is
based on many parameters such as size,
frequency response, seasitivity, and direc-
tional characteristics. Fortunately, the
quality of present-day microphones sim-
plifies the selection. The HP (5119A
Y5.in. Microphone (page 100) is par-
ticularly well suited for measurements in
both diffuse and free (unidirectional)
fields. Tts size insutes 2 minimum disturb-
ance of the sound field, it covers a wide
frequency and pressure range, it has an
essentially flat frequency response, and it
is omnidirectional, Where sensitivity is
the prime parameter, the HP 15109B, a
full 10 dB more sensitive, should be the
choice,

Good measurement practice dictates
the removal of the observer and other
interfering objects, including the indicat-
ing instrument, from the sound field. To
this end, HP microphones are equipped
with 10-ft cables. Longer cables can be
used, especially with the HP 15127A
Cable Amplifier (page 101).

With the sound signal in electrical
form, we need to process and display it
in a meaningful way. The simplest and
most widely used device is the sound level
meter, basically an audio rms voltmeter.
The frequency response of the sound
level meter is shaped to account, in 2 first-
order approximation, for the frequency
response of the ear. Three response
curves, A, B, and C, (Figure 2) have
been standardized, ¢.g8. in IEC Publica-
tions 123 and 179 and USA Standard
81.4-1961. (The recently proposed D
curve is primarily for the measurement
of jet aircraft noise.)

None of the three standacds specifies
detector time constant directly; instead,
they specify overall response to a single
200-ms tone burst. This response, desig-
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Figure 2. Frequency response curves,

nated Fast, implies a nominal detectos
time constant of 127 ms (a Slow mode
with a 1-$ timne constant is also allowed).
Unfortunately, this does not enable us to
predict response to shorter bursts (which
are commonly found in practice). A Ger-
man standard, DIN 45 633, Part 2, speci-
fies an Impulse response in which the cor-
responding detector time constant s 33
ms, permitting predictable results for tone
bursts as short as 5 ms, HP 8052A and
8062A Impulse Sound Level Meters
(page 98) incorporate all three response
modes.

The biggest problem in overall instru-
ment response, even for a 200-ms tone
burst, is the mechanical inertia of the
meter, Per DIN 45 633, the 8052A/
8062A include a peak detector and
steetching circuit between the rms detec-
tor and the meter. The rise time of the
peak detector is short compated to the
35-ms time constant of the rms detector;
the discharge time, long compared to the
response time of the meter. Thus the
meter or an external dc¢ level recorder
has ample time to indicate the maximum
rms value of impulsive sounds.

With the sound level meter, then, we
measure the frequency- and time-
weighted rms value of sound pressure.
The frequency weighting (A, B, or C)
cannot account for masking, and it’s im-
possible to select the right weighting for
all spectral components at once. Thus the
sound level meter by itself can only be
used to compate sounds from similar
sources. We cannot, however, use it to
compare autos and typewriters,

For sounds having no significant time
structure, selection of time weighting is
immaterial; all three give the same read-
ing. In all other cases—and they are the
rule rather than the exception—the Im-
pulse mode is mandatory. This is the only
one which provides an accurate measure-
ment of sound level maxima and physio-
logically significant results.

Por all its faults, the sound level meter
is an extremely useful tool. It is inexpen-
sive, easy to use, and highly portable.
Properly used, it can indeed give mean-
tngful data,

Including filters in the measurement
system enables us to analyze the indi-
vidual spectral components of a sound.
A simple octave-band analysis system in-
cludes the 8052A or 8062A and 8055A
Filter Set (page 98). Such a systern is
well suited for a variety of measurements
including the determination of noise rat-
ing numbers. For greater resolution of
spectral components the 8055 A Filter Set
can be equipped with third-octave filters
(page 98). (HP octave and third-octave
filters meet the requirements of US
Standard S1.11-1966 for Class I and
Class I sespectively as well as 1EC
Recommendation 225).

For many applications, faster process-
ing of data is necessary or at least
desirable. The HP 8051 A Loudness An-
alyzer (page 96) and 8054A Real Time
Audio Spectrum Analyzer (page 93)
provide rapid. completely auntomatic an-
alysis. The 8051A determines loudness in
objective terms according to the Zwickes
method (ISO Recommendation 532,
Method B). Comprising two octave fil-
ters, one 2/3-octave filter, and 17 third-
octave filters, each approximating a criti-
cal bandwidth, the 8051A displays a new
loudness spectrum on 2 crt (Figure 3)
every 25 ms. The analyzer accounts for
masking (the curved slopes in the figure)
and the frequency response of the ear.
In addition, the BO51A computes the area
under the spectrum and displays it as
total londness in sonesz on a front-pane!
meter. The crt display can be frozen for
recording on a X-Y recorder, and pre-
printed paper permits Zwicker diagrams
to be recorded directly. These diagrams
can be used for detailed analysis or filed
for reference purposes.
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figure 3. lLoudness spectrum.

With 24 third-octave filters, the 805{A
provides an unweighted, uncompensated
audio spectrum (Figure ). It is indeed
a real-time analyzer, displaying a new
spectrum every 28 ms. With both analog
and digital outputs, the 8054A is well
suited to a variety of automated systems
and can be interfaced directly with HP
computers.

Figure 4. Third-octave spactrum.

Acoustic measurements and  instru-
mentation are discussed in detait in Ap-
plication Note 100. This Note is avajl-
able from your local HP Field Office.



REAL-TIME AUDIO ANALYZER

Spectrum analysfs in real time
Models 8054A, 8060A

In a real-time measurement, data must be presented in
usable form at essentially the same time the event occurs, and
the delay in presenting the data must be small enough to
allow a corrective action to be taken if required. An advan-
rage of measuring in real time 1s that the effects of external
adjustments or changes in measurement parameter can be
seen immediately and acted upon if necessacy.

Measurements that previously took many hours to com-
plete can now be performed in a few seconds with the Hew-
lett-Packard 8054A Real-Time Audio Spectrum Analyzer.
Unlike other spectrum analyzers, which measure signal fre-
quency components one at a time, the 8034A looks at twenty-
four l4-octave frequency bands simultaneously, evaluates
them in parallel, and displays the spectrum on a crt in less
than 30 milliseconds, doing so at rates up to 42 spectra per
second. The V-octave bands have center frequencies from 50
Hz to 10 kHz in the standard instrument, other ranges are
oprional. The spectrum can be stored for detailed apalysis,
and a digital logarithmic voltmeter displays the signal levels
in each channel. Tn addition to the visual displays, the 8054 A
can be connected to either analog or digital data processing
instruments, giving it an unprecedented flexibility and speed
in the processing of data,

The overall capability of the instrument permits measure-
ments of signals as low as 1 «V and as high as 10 volts, an
amplitude measurement range of 140 dB. The crt itself has a
40-dB display range which can be shifted in 10-dB steps to
display any portion of the 140-dB amplitude range, The read-
out is in dB above one microvolt or in dB of sound pressure

level when the input transducer is a condenser microphone
with a sensitivity of 5 mV/pbac (HP 15109B). The parallel
filters, with a V4-octave bandwidth relative to their center
frequency, have an attenuation at the center frequency of the
adjacent filter of typically 20 dB and at twice and halt the
center frequency of typically 50 dB. All fAlters meet the re-
quirements of international standards (IEC 225). One-thicd
octave filters ranging from 2 Hz to 25 kHz are available.

The display modes are selected by the front-panel push
buttons designated FAST, SLOW, PEAK, and HOLD. In the
FAST position an integrating time constaat of about 0.1 s is
used in the rms detector for rapid measurement of fast chang-
ing signals, The SLOW position provides a 1-second time
constant for more random signals which require a longer
integrating time. These time constants are chosen in accord-
ance with JEC Rec. 179, Other rms time constants between
100 ms and 100 seconds can be provided on special order.
The rms detectors are accurate, {ast-responding devices for
continuous input signals with crest factors up to 5. The PEAK
mode indicates and stores the maximum peak amplitude of
the spectrum over a selected period. The HOLD mode can
be vsed in the RMS FAST, RMS SLOW, or PEAK position.
The spectrum display can be retained at any instant for more
extensive analysis when the HOLD push button is pressed.
A maximum RMS mode instead of true PEAK is available
as a no-cost option.

The crt controls are conveniently located in the center of
the front panel. A hinged door conceals these controls dur-
ing operation to prevent any accidental misadjustments.
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REAL-TIME AUDIO ANALYZER conunury

Spectrum analysis in real time
Models 80544, 8060A

These controls adjust the horizontal and vertical position of
the crt display as well as intensity, focus, and horizontal
gain. No other calibration or adjustments are required.

Several scanning modes are possible to provide maximum
versatility, In the MANUAL/REMOTE position any chan-
nel can be selected manually by front-panel push button or
remotely by contact closure to ground. The DVM indicates
the level of the signal in dB above 1 pV for the selected
channel. The X-Y RECORDER scanning mode is used in
conjunction with the HOLD display mode to record the dis-
plaved spectrum on an X.Y secorder; the channels are
scanned at a rate of 1 s/channel. The channel being scanned
is always indicated by a brightened portion of the trace on the
crt and by an illuminated push button corresponding to that
channel. In the PRINT 1 CYCLE mode 2 digital recorder can
be used to scan and print out just one spectrum. For con-
tinvous recording the EXTERNAL INHIBIT mode allows
the digital recording device to operate up to a speed of 1
channel/msec. If the recorder or data processing device must
accept data at a rate of less than 1 channel ‘msec, an inhibit
signal from the recorder to the 8054A prevents new data
from being taken during the recording cycle. For instance,
with a 5050A Digital Recorder (Page 133) the maximum
rate of recording is 20 lines or 20 channels per second,
whereas the 8054A can provide data at a rate of 1000 chan-
nels per second.

The Hewlett-Packard 8060A Real-Time Analyzer Module
provides a twelve-channel extension for the 8054 A Real-Time
Audio Spectrum Analyzer. The unit is self-contained and ex-
tends the frequency range by twelve additional Vj-octave

-

filters, giving the 8054 A a thirty-six-channel display covering
all frequencies within 12 octaves. Price on request.

Applications

The 8054A can analyze any phenomenpa occurring 10 the
audio spectrum and will find uses in 2 number of scientific
disciplines, It is especially well suited for analyzing airborne
or solid-borne sound, vibration, 2nd noise.

For measurements of airborne sound the 8054A has a
microphone input which js calibrated for condenser micro-
phones such as the HP 15109B 1” Microphone Assembly
(Page 100) having a sensitivity of 5 mV/ubar. The 8054A
supplies 2 200 V polarization voltage to the condenser micro-
phone, and microphone correction factors from —1 to +4.5
dB can be compensated in 0.5 dB steps by a rear panel switch.
The HP 15119A 14" Microphone Assembly can also be used
with the 8054A if the operator makes a 10 dB correction to
all readings to compensate for the 1.58 mV /ubar sensitivity
of the 14” microphone. The HP 15127A Cable Amplifier
can be used with the HP 15119A Microphone Assembly to
provide the 10 dB gain.

Using a vibration pick-up or accelerometer as the input
transducer the 8054 A becomes a real-time vibration analyzer
for shock and vibration testing. The operational condition of
machinery can be determined through such a vibration an-
alysis, The 8054A can be a most usefu) quality control mea-
surement tool to anyone who manufactures or maintains
anything with moving parts, Thus, the 8054A fnds many
applications in the manufacture of automobiles, office equip-
ment, industrial machines, and aircraft.

Since vibration causes the sensation of sound, the acoustical
applications of the 8054A are often closely related to those
applications in vibration analysis. Among the acoustical ap-
plications are aircraft noise analysis for determination of
Effective Perceived Noise Level (EPNL), reverberation time
measurements, frequency response testing of sound systems,
determination of airborne and impact sound protection in
architectural acoustics, and analysis of noise generated by in-
dustrial machines, automobiles, and jet engines. Underwater
acoustical applications include studies of marine sounds and
propagation. The 8054A is also 2 useful tool in speech an-
alysis and in the manufacture of loudspeaker and Hi-Fi
equipment. Waveform analysis and the characterization of
earth tremors are other possible applications.

The major functions of the 8054 A including display mode,
range, scanning mode, and channel selection, can be selected
remotely by contact closure or saturated npn transistor to
ground. Thus the 8054A can be used in closed-loop data
processing systems when used with HP Computers 21144,
2115A, or 2116A (Page 104). The 8054A easily fits into
virtually any automated system whose input signal is in the
audio range.

With the advent of the small digital compurer (Page 104)
is it now possible to carry both the Analyzer and a computer
to the measurement site to obtain processed results as the mea-
surements are made. The flat response of the 8054 A makes it
possible for the computer to apply a desired weighting factor
to the data, The computer can also subtract background noise,
make adjustments that account for barometric pressure or
relative humidity, and perform other manupulations to give
the data in the desired form within an instant of the experi-
ment.



Specifications

Freguency range: twenty-four 1/3-octave filters with center fre-
quencies from 50 Hz to 10 kHz, Other 1/3-octave filters
with center frequencies from 2 Hz to 16 kHz are available
on special order.

Fliter characteristics: attenuation outside the passband
at 0.79 {o and 1,26 fo+ : typically 20 dB
at0.5 foand2f, : typically 50 dB
2t 0.25 foand 4 f, : typically 70 dB
All Glters meet the requirements of international standards

(IEC 225).

~fa is the center frequency of the passband. 0.79 f, and 126

f. corcespond to the center frequencies of the adjacent 1/3-
octave filters.

Readaut
CRT disptay: 40 dB display range, calibrated in dB (5 dB/

div) with internal graticule. Range indicated. Two

channels per horizontal division.

Digital display: four-digit DVM readout of selected passband
level in dB above 1 V. Resolution of 0.1 dB.

Amplitade range: 0 to 140 dB above 1 4V (1 gV to 10 V).
The 40 dB dynamic range displayed on the crt can be shifted
in 10 dB steps over the entire amplitude range.

Display modes
RMS siow and RMS fast: dynamic characteristics of rms

modes as specified in IEC 179. Other combinations of rms

time constants between 100 ms and 100 s z2re available
on special order.

Peak: rise time of the peak detector is less than 4 ms.

Hold: storage of the instantaneous crt display can be ac-
complished in any of the above modes by pressing the
HOLD push button.

Accuracy
RMS mode:

Digital display: for steady sine wave signal at filter center
frequency: =1 dB in upper 30 dB of display, =1.5 dB
in lower 10 dB of display. For tone burst signals with
crese factors less than or equal to 3: %1 dB in respect
to sine wave accuracy. For signals with crest factors
between three and five: =1.5 dB in respect to sine wave
accuracy, for random noise =0.2 dB in respect to steady
sine wave signals.

CRT display: =1 dB in respect to digital display accuracy.

Peak made: =1 dB in upper 30 dB of crt display in respect
to steady sine wave rms accuracy, —1.5 dB in lower 10 dB
of ect display in respect to steady sine swave rms accuracy.

Hold mode: crt display changes less than =1 dB/hr. at full
scale, less than =1 dB/min at full crt display —40 dB.

Scaaning
Manual remote: any channel can be selected manually by

front-panel push button or remotely by contact closure to

ground. The digital display indicates the band level, and the
channel is identified by illuminating the relevant channel
button and brightening the respective zone on the crt display,

X -Y recorder: automatic sequential scanning at a rate of
1 s/channel of all 24 channels provides analog outputs
suitable for processing by standard X -Y recorders.
Scanning can be repeated by remote control,

Ext. inhibit: the rate of scanning is controlied by the hold-off
signal (voltage greater than 10 V) from the digital re.
corder or computer which is processing the BCD output.
The scanning Is sequential and continuous. A maximum
scanning rate of 1 channel/ms can be achieved with a
relatively fast computer.

Print 1 cyele: this mode is similar to EXT. INHIBIT, but
oaly one sequential scanning of the twenty-four channels
is completed. Scanning can be repeated by remote control.

Reset: X - Axis and Y- Axis outputs are grounded; digital
outputs produce blanking signals.

Inputs
Input A: directly calibrated in dB of sound pressure level for

microphones with a nominal sensitivity of 5 mV/ubar.
Microphone correction factors from —1 dB to 44.5 dB
can be compensated for in 0.5 dB =0.25 dB steps by a
rear-panel switch. A built-in power supply provides a
200 V =4 V polarization voltage for condenser micro-
phones and operating voltage for preamplifiers. Up 1o 12.5
mA can be supplied for the preamplifier and additional
cable amplifiets. The input connector js a three-pin Cannon
type XLR-3-31 audio connector. Input impedance is > 100
k.

Input B: directly calibrated in dB above 1 V. BNC input
connector, Input impedance is >100 k€. The input ampli-
fier has an ovecload capability of approximately 30 dB.

Max. fnput: 150 V de, 50 V peak ac.

Outputs (all outputs—capacitive loading, <1 nF, resistive,

>10 k@)
Analog X - Y recorder:

X - Axis: 200 mV x40 mV /chaanel.

Output impedance: <2002. BNC connector.

Y - Axis: 0to 8 V full scale, calibrated in dB. (200 mV /dB).
Output impedance: <2082. BNC connector.

Pen lift: contact closure to operate "Pen.” Telephone jack.
Ext. oscilloscope:
X: Linear ramp approx. 0 to 8§ V.
Outpur impedance: <20Q. BNC connector.
Y: Pos. “Log” 200 mV/dB. Pos. "Lin” 8 V full scale.
Output impedance: <200. BNC connector.
Z: Provides blanking pulse of approx. 46 V open circuit
dc-coupled.
Output impedance: <15 k§2. BNC cornector.
Auxitisry gutput: output of Input Amplifier.

Gsin range: —40 w0 +60 dB in 10 dB 0.2 dB steps.

Maximum output swing: approx. 10V pp.

Output Impedance; <208 BNC connector.

Digita}! outputs:

Connector type: Ampheno! 57-40500 (50-pin).

Mating connector: Amphenol $7-30500.

Code: 1-2-4-8 BCD 1" state positive. “0" level: 0 V
nominal; 1" level: +35 V open circuit, nominal; source
impedance: 7.5 k@ max. each line.

Reference levels: ground; approx. 435 V, [ow impedance.

Print command: step from approx. 0 V to 46 V, dec-
coupled, 20 as minimum duration, 5 V/us minimum
rise rate, source impedance: 1002 maximum.

Hold-off requirement: voltage must be more than 4-10 V.
Input impedance: 62 kQ.

Accuracy of digital outputs and Y-axis outputs: same as
digrtal display.

Remote control: selection of range, channel, and display mode
made by contact closure or saturated NPN transistor to
groond.

Environment: ambient temperature 0°C to 50°C and relative
humidity to 95¢; at 40°C.

Power requirements: 110 or 220 V —109, + 5%, 50 Hz to
400 Hz, approximately 100 W.

Dimensions: 16%” wide (425 mm), 12” high (306 mm)
(without feet) 243%;” deep overall (708 mm}).

Accessorles furnished: 200 sheets of Diagram paper (08054-
90100), 10 sheets of Diagram Paper (08054-90101), 1
15-pin Extender Board, 1 18-pin Extender Board, 1 Rack
Mounting Kit, 1 Connector Amphenol $7-30500, 1 BNC
Male to Binding Post Adaptor, 2 Pea-lift Connectors (Tele-
phone jacks), 2 BNC Banana Cables.

Price: Model 8054A, $8950 (88000 at factory in West Ger-
many).

Option 01: A MAXIMUM RMS Display Mode replaces the
normal PEAK Mode. No charge.

Option 02: A to D converter and digital display not included.

Price: less $600.
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LOUDNESS ANALYZER

A powertul new tool for sound analysis
Model 8051A

.

8051A

/

Until receatly, much too little was known about how the
ear translates sound pressure into loudness. Early soung level
meters attempted to measure Joudness by measuring the
level of a frequency-weighted sound pressure. They gave
good results for continuous narrow-band sounds but were
often in error by up to 20 dB for wide-band or impulsive
sounds. Recent research has given us a much better under-
standing of how the human ear works. One result of this re-
search is an instrument that responds to the Joudness of
sounds in very much the same way that the ear does.

The Hewlett-Packard 8051A Loudness Analyzer gives
data which correspond closely to the subjective sensation of
loudness. It does this by simulating the known characteristics
of the human ear according to Zwicker's method, which is
described in 1SO Recommendation 532, Method B. The
8051A divides the audio range into approximately critical
bands by use of filters with bandwidths of one-third octave or
multiples thereof. The range between 45 Hz and 14 kHz is
covered by 20 such filters, according to 1ISO Recommendation
532. The Analyzer works for wide-band or narrow-baad,
continuous ot impulsive sounds. [t ¢an even handle single-
shot sounds.

The Analyzer takes inputs from 2 microphone or a tape
recorder and makes a continuous analysis of them. It displays
the resulting Zwicker diagram (a plot of loudness density
versus subjective pitch) on a crt showing how the loudness
components in each of 20 frequency bands contribute to the
tota] loudness. A new plot is made every 25 ms so that even
transient sounds can be analyzed conveniently. Total loud-
ness of a sound, that is, the integra) of the Zwicker diagram,
is also computed by the Analyzer and displayed on a meter.

The 80351 A has four measurements ranges which accom-

modate sounds with loudnesses of 1 to 400 sonesg, equiva-
lent to the loudness level of 40 to 127 phonsg. (The sub-
script G indicates that his loudness is calculated in terms of
criticai bands, not subjectively measured). This range in-
cludes sounds like those present in a 'quiet room’ as well as
very large sounds which can cause ear damage. Corrections
for frontal or diffuse sound fields ace made automatically by
the Analyzer according to the settings of front-panel buttons.

How to measure short, impulsive sounds—Ilike the sound
of a stamping machine or a single typewriter stroke—has
always been one of the most vexing problems in loudness
measurement, Previously, the only way to analyze 2 single-
shot phenomenon was to capture it on magnetic tape, make
a tape loop 2nd try to analyze the sound by playing it back
over and over. With the new loudness analyzer, impulsive
sounds are no Jonger a serious problem. The Analyzer has
electronic storage circuits which can be called on to ‘remem-
ber' the peak loudness of sounds occurring during any de-
sired interval. If, as is usually the case, the single-shot sound
is much louder than the background noise in the area, the
loudness analysis stored by the Analyzer will be that of the
shost sound.

The 8051 A can also be instructed to hold its most recent
loudness analysis for several minutes. This allows the analysis
of a changing sound to be frozen at any desiced time and
held long enough for it to be recorded or photographed.
Both the hold and peak modes can be remotely controlled.
Using the hold feature together with a built-in display scan-
ner, the 8051 A can make Zwicker plots automatically on an
X-Y recorder. Sound pressure levels in each channel can be
read from the special Zwicker recorder paper. An additional
recorder output is provided for recording total loudness
versus time,



Specifications

Loudness range: | soneg - 400 sonesy (corresponding to 40
phons, - 127 phonsg) in 4 ranges. Full-scale meter deflec-
tions: 12, 40, 120, and 400 sones,. Corresponding sensi-
tivity ranges of loudness density display: 0.12, 0.4, 1.2,
and 4 (sonesg/Bark) /division.

Accuracy: deviation less than =5% of full scale from the
results obtained by Method B for Calculation of Loudness
Level according to 1SO Recommendation 532 (DIN
45631; BS4 198, 1967).

Noise: less than 0.3 soneg in the most sensitive range for
source resistances of 600 £ or less.

Sound pressure level ranges: representative values of SPL for
loudness and loudness density readings at 1 kHz (frontal
field).

Range SPL Loudness Density Loudness
sonesg dB divisions sonesg
400 110 5.5 =03 128 = 20
120 90 5.7 =*03 32+ 6
40 70 5.35 0.3 8+ 2
12 50 5.25 =03 2 +=0.6

The maximum measureable SPL at | kHz is 114 dB.
0dB == 2 X 10-* uBar,

Microphone Inptst: suitable for condenser microphones with a
nominal sensitivity factor of 5 mV/uBar. Microphone
correction factors from —1 to +4.5 dB can be com-
pensated in 0.5 dB steps by rear panel switch. A 200 V
==2.59 is provided as polarization voltage and to supply
the microphone preamplifier aad/or additional cable
amplifiers.

Maximoum current: 12 mA.
input impedance: 100 k0.
Connector: Cannon XLR-3-3,

Direct input: accepts signals with 1 mV corresponding to a
sound pressure level of 60 dB.
Input impedance: 100 kQ.
Connector: BNC.

Filter specifications:

Center
Channel  Relative Bandwidth ¥ requency
1 octave 63 Hz
2 octave 125 Hz
3 two-third octave 224 Hz
4...20 one-third octave 315 Hz...12.5 kHz

The 1 octave filters have an attenuation of about 20 dB
in the center of the next pass band and about 60 dB at
twice the center frequency. Roll-off of the octave filters is
approximately 40 dB/octave. The filters exceed the re-
quirements laid down in JEC Recommendation 225.
Diffuse field network: response as per 1ISO Recommendation
454,
Accuracy: 45 Hz - 4 kHz: =+0.5 dB
s kHz-12.5 kHz: 41 dB.
Environment: ambient temperature from 32°F to 122°F (0°C
to 50°C) and relative humidity to 93¢ at 104°F (40°C).
Outputs:
Meter: positive 4 V for full-scale deflection of the meter,
Load resistance | kQ or more.
X-axis: positive 10 V for full horizontal deflection of the
sampling point on the cct.
Load resistance 1 kQ or more.

Y-axis: positive 7 V for full vertical deflection of the
sampling point on the crt.
Load resistance 1 kQ.

Crt. sync: positive pulse to trigger external equipment coin-
cident with the start of the internal sweep, about +6 V.

Crt. vertical: output waveform of vertical amplifier to drive
external oscilloscopes or fast recocders, Positive ( V/div.
of the vertical deflection on the crt. Load resistance 1
kQ or more.

Auxiliary output: output of preamplifier. The gain of the
preamplifier depends on the range setting, for DIRECT
input and FRONTAL sound field as follows:

Range - sones Amplifier - Gain
400 —20dB +0.5 dB

120 0dB ==0.5dB

40 420 dB 0.5 dB

12 =440 dB 0.5 dB

Display:

Instant: display of the instantaneous loudness spectrum on
the crt and indication of the total loudaess on the meter.

Peak: display of the maximum total loudness on the meter
with the cre displaying the corresponding spectrum. Re-
mote operation by contact closure.

Hold: storage of display on the crt and loudness reading on
the meter. Less than 0.3 div. change of the cce display
for up to 2 minutes of storage. Remote operation by
contact closure.

Check: internal noise generator checks overall operation of
the instrument.

Scanning: manual or automatic. Scanning time for the whole
spectrum in the automatic mode is 90 seconds =30
seconds.

Overload: overload lamp glows if the crest factor of the signal
in any channel exceeds 7 at full scale, or if any of the cir-
cuits are overdriven.

Power requirements: line voltage 110 V or 220 V, — 109,
+159%, 50 Hz - 400 Hz.

Power consumptlon: approximately 80 W.

Dimenslons: 163" wide (425 mm), 12" high (306 mm)
(without feet), 2434" deep overall (708 mm).

Weight: 64 Ibs (29 kg).

Accessarles supplled: detachable power cord with Schuko oc
NEMA plug.
200 sheets of Loudness Analysis Diagram (ISO Recom-
mendation 532) covering each range in the frontal and
diffuse sound field.

12 sones free field P/No. 08051-90100

40 sones free feld P/No. 08051-90101
120 sones free field P/No. 08051-90102
400 sones free field P/No. 08051-90103

12 sones diffuse field P/No. 08051-90104

40 sones diffuse field P/No. 08051-90105
120 sones diffuse field P/No. 08051-90106
400 sones diffuse field P/No. 08051-90107
Rack mounting 5060-0779
15-pin extender board 5060-1744

Price: Model 8051A, $5500 (85000 at factory in West Ger-
many).
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i~ IMPULSE SOUND LEVEL METERS

W Precision impuise measurements
Models 8052A, 8062A, 8055A

8052A

8055A

~

The Hewlett-Packard Models 8052A and 8062A Impulse
Sound Level Meters can make virtually the complete range of
sound level measucements. Basically audio voltmeters, they
have selecrable weighting factors, detection modes, and rms
time constants, plus appropriate meter scales. Controls are
clearly marked, and push buttons simplify selection of operating
modes. Borh sound level meters are identical in operation. The
8052A is powered from standard power lines while the 8062A
can be powered from 1nternal rechargeable batteries as weil.

Both rms and peak values can be measured. Different time
constanis (about 1 second “slow™ and 100 ms “‘fast') can be
selected for rms measurements of signals with crest factors up
to five. These slow and fast modes can measure accurately only
continuous and quasi-continuous sounds. But the new impulse
mode (33 millisecond integrating time constant) allows ac-
curate measurements of impulsive sonnds as well as continuous
sounds. The impulse mode ideally permits measurements of
impulsive sounds iike the stroke of a typewriter key or the blow
of a punch press machine. In the peak mode, peak values of
single impulses as short as 100 microseconds can be measured
accurately,

The frequency response of these instruments is also selectable.
In addition to a linear response mode, in which the response
is flat from 5 Hz to 20 kHz, three weighted responses (A, B, C)
are available. The response curves of these weighted modes meet
the requirements specified in the IEC Recommendation 179 for
precision sound level mecers. The new D-weighting network for
monitoring aircraft noise is also available as an option in lieu of
the B-network.

The 8052A and 8062A can also be used as audio voltmeters
when the linear frequency response mode is selected. As with
sound measurements, both peak and rms levels can be measuced
and crest facrors determined easily, Full-scale sensitivity ranges
from 30 microvolrs to 10 volts. A linear 2nalog output propor-
tional to the meter deflection (5 V at full scale) is available in
all modes of operation.

As 2 companion unit for the B052A or 8062A, the Hewlett-
Packard Model 8055A Filter Set enables octave band measuce-
ments to be made quickly and easily. The 80655A is furnished
with eight octave filters with center frequencies from 65 Hz to
8 kHz. Bach flter satisfies the requirements of the IEC Recom:-
mendation 225, American Standard (S1. 11:1966) Octave Band
Filter, Class II, and German Standard DIN 45651. The attenua-
tion outside the band pass of one octave from the center fre-
quency 15 approximately 23 dB, for two octaves and three oc-
taves approximately 47 dB and 5 dB respectively, The signal-
to-noise ratio is greater than 70 dB referred to 3 V rms output.
Options are available 1o fnclude additiona] filers to extend the
center {requency range. Option Ol furnishes two additional
octave filters with center frequencies of 31.5 Hz and 16 kHz,
extending the frequency range from 22 Hz to 22 kHz. Option 02
adds an additional octave filter with a 31.5 Mz center frequency
and one broad-band flter with a D-weighted frequency re-
sponse according to the draft secretariat gevision (Nov. 67) of
1SO Recommendation 507 with a tolerance of *=1 dB. The same
31.5 Hz center frequency, octzve hiter is added for option 03
with one amplifier section for summing up the outputs of all
nine octave filters. Selection of filter is done by push button, as
is filter gain. Three choices of gain are available: 0 dB, 20 dB,
and variable. In the variable mode the gain of each filter can be
set independently between —20 dB and 420 dB. Thus any
weighting curve can be preset for a specific measurement, vet
easily can make gemeral measurements without upsetting the



special calibration.
Price: Model 8055A, $520 (3475 at factory in West Germany).
Options 01, 02 and 03, add $100.

For greater versatility the 8055A Filter Set can be equipped

with one-third octave filters covering a variety of frequency

ranges. Information and prices on request.

Specifications

Frequency range: 5 Hz to 20 kHz.
Amplitude rangs:
Using direct input or HP preamplifier: 30 xV to 10 V {ull
scale.
Using HP 151098 l-in. condenser microphane:
Sound pressure level: 35 to 140 dB (0dB = 2x 107 pbar).
Sound tevel (A-welghted): 22 to 140 dB.
Octave tevelh 22 to 140 dB.
One-third octave level: 15 to 140 dB.
Using HP 15119A 14-in. condenser microphone:
Sound pressure tevel: 55 to 150 dB.
Sound level (A-weighted): 40 to 150 dB.
Octave level: 40 to 150 dB.
One-third actave fevel: 30 to 150 dB.

Overall accuracy:*
2 Hx 6 Hx 20 kHx 40 kHx

405
=1d8 =0.5d8 10dB

Weighting networks: three weighting networks modify fre-
quency response in accordance with A, B, or C, specified in
[EC Recommendation 179 for precision sound level meters
(Also see Option 01 ).

Detection mode:

Rms slow and rms fast: indication proportional to rms value
of applicd signal. Signals with crest factors up to 5 affect
accuracy less than 0.5 dB (%0.75 dB above 40°C, for
crest factors above 3). Dynamic characteristics per IEC
Recommendation 179,

Impuise: indication proportional to the maximum rms value
of applied signals, weighted wich 2 35 ms time constant per
the proposed standard for impulse sound level meters.

Peak: jadication proportional to the absolute peak value of
applied signal with an accuracy of *1 dB: cise time <100
us, discharging rate <0.1 dB/s.

Noise: approximately 5 «V refersed to the input wich the input
terminated in 600 2.7%

Absofute maximum Input: ac, 50 V peak; dc, 200 V.

Overlaad recovery time: <$ s for 80 dB overjoad in FAST
meter response,

Overload indicator: front panel indicator lights when input
signal crest facror exceeds five at full scale, or when the input
signal is excessive.

Self check: internal signal permits verincation of over-all opera-
tion.

Ingut impedance: 100 k@ shunted by approximartely 100 pF;
about 1000 M shunted by approximately 5 pF when an HP
Microphone Preamplifier such as 15108B with BNC adapter
is used.

Microphone input: accepts input signals from one of the HP
Condenser Mictophones or Preamplifiers and supplies — 200
V =29 as polarization voltage for the microphone cartridge
and operating voltage for the microphone preamplitier.® %+

Microphone sensitivity: range switch calibrated in dB SPL for
microphones with a nominal sensitivity factor of § mV/ubar

(See Option 02); deviation up to =1 and —4.5 dB can be
compensated for in 0.5 dB steps.

Externat filter: external filters can be used to limit the fre-
quency range of the 8052A and 8062A. These filters are elec-
trically inserted into the 8052A and 8062A circuits using the
appropriate connectors on the rear panel of the #0524 and
80G2A.

External filter Input: provides output signal to Alter; 100 mV
peak or rms for full scale meter indication with 0 dB gain
through the filter. Qutput impedance <20 9, BNC female
connector.

Maximum output: 9 V pp.
Load resistance: >600 2, ¥ nF.

External fifter output: receives output signal from flter. In-
put Impedance >100 k2 shunted by approximately 100
pF, BNC female connector.

Meter: taut-band meter movement with scales indrvidually cali-
brated to the movement; three meter scales, —10 to 410
dB, 0.1 to1,and 0.3t 3 V.

Recorder output: 0 to +5 V proportional to meter deflection.
Output impedance <20 €2, BNC female connector. Load
resistance >600 9, 1 nF.

Operating environment:
8052A: 14° to 122°F ( —10° to0 50°C), relative humidity up

o0 959 ac 104°F (40°C).

8062A: 14° 10 113°F (—10° to 4 95°C), relative humidity
up 10 959% at 104°F ({0°C).

Power requirements:
8052A: 110 or 220 V, —109, +15%, 50 to 400 Hz, ap-

proximately 5 W.

8062A: two Internal rechargeable batteries or external 110 or
220V, —109, +15%. 50 to 400 Hz, approximately 5 W.
Battery operating time 8 hrs. Batteries are teickle-charged
when instrument is operated from external power line; fast
charge can be selected, but instrument cannot be operated
in this mode, Battery condition can be read on the meter,

Weight:
8052A: net 9 [b (4 kg); shipping 11 1b (5 kg).

BOB2A: ner 12 Ib (5,5 kg); shipping 14 1b (6,3 kg).

Accessories furnished: two 15-pin extender boards, oae cable ac
power, one adapter BNC to binding post.

Dimenslons: 6-3/32” high, 7-25/32” wide, 117 deep {155 x
190 x 279 mm).

Options:

01: A, D, and C weighting networks in lieu of A, B, and C
neeworks. The D-weighted network meets the require-
ments of the draft secretariac revision (Nov. 67) of 1SO
Recommendation 507 with 2 tolerance of =1 dB. Price:
Add $25.00.

02: range switch calibrated in dB SPL for microphones wich
a nominal sensitivity factor of 1.58 mV/ubar. No addi-
tional charge.

Price: Model 80524, 8670 ($600 at factory in Wese Germany),

Model 8062A. $720 (8650 ac factory in West Germany),

"The overail accuracy Is the sum of (he ercors Introduced by 3 change of range (=0.1 dB), the devlation from linearity of the rms detector with meter reading In
the upper 10 dB of the scale (0.2 d8), and the deviation from LINEAR frequency response in the RMS SLOW detsction mode referred to o steady sine wave of
1 kHz. Deviation from lingasity in the lower 10 dB of the scale whith gverlaps the adjacent cange setting Is 0.5 dB. These specitications are valld for the whole

operating sovironment range.

“*Nolse adds to the signal spproximately by the relation: Reading = v (signal)? — (nolse)r.
***The combination of HP 8052A or 8062A and one of the HP Condenser Microghones fulfills the requirements of IEC Recommendation 175 and (he German Standard

OIN 45633 for precision sound level metars and impulse sound level meters.
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MICROPHONES, ACCESSORIES

Flat frequency response for greater accuracy
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Models 15109B, 15119A, 15127A, 15114A

The Hewlett-Packard 15119A 15-in. Condenser Micro-
phone Assembly is a precision tool for making critical acous-
tic measurements. Frequency response for a plane frontal
sound field is ==1 dB over the entire audio range, 20 Hz to
20 kHz. Because it ts omni-directional, the 15119A can be
used to measuce diffuse as wel) as directional sound fields. Its
1/,-in. configucation ensures a virtually negligible disturbance
of the sound field by the microphone itself, a prerequisite for
accuracy at high frequencies. Thus, ful] advantage can be
taken of the flat frequency response.

Hewlett-Packard also offers a 1-in. Condenser Microphone
Assembly, Model 15109B, for measuring extremely low level
sounds. A full 10 dB more sensitive than the 151194, the
15109B otherwise has similar characteristics. Both Micro-
phone Assemblies include a microphone cartridge and pre-
amplifier with a 10-foot cable.

Both preamplifiers are available separately under model
numbers 15108B in the 1-in,, 15118A in the }/5-in. configu-
ration. These preamplifiers are all solid state with field effect
transistors (FET) in the input stage. [nput impedance is
greater than 1000 MQ shunted by less than 2 pF. In addition,
the preamplifiers have extremely flat frequency response
(=£0.25 dB from 5 Hz to 200 kHz) and low noise and are
free from microphonics. With essentiaily unity gain, these
preamplifiers make excellent broadband audio impedance
convertees and isclators, They are extremely well suired as
preamplifiers for vibracion pickups such as accelerometers.
Furnished BNC adapters provide convenient input connec-
tors and increase input capacitance to only 4 pF. Operating
voliage for the preamplifiers is obtained from the same
power supply which provides the polarization voltage
(4200 V) required by the microphone cartridges. Being
solid state, the preamplifiers are only 2 nominal drain on
this supply.

The Microphone Assemblies and Preamplifiers make ideal
input devices for HP acoustic instrumentation such as the
8051 A Loudness Analyzer, 8052A and 8062A Impulse
Sound Level Meters, and the 8054A Real-Time Audio Spec-
trum Analyzer, All these instruments have microphone in-
puts (three-conductor audio connectors with which the micro-
phone cable connectors mate directly) and built-in power
supplies to provide the +200 V.

15114A microphone power supply

The 15114A Microphone Power Supply permits the use of
the Microphone Assemblies and Preamplifiers with instru-
ments which do not provide the necessary volrage or do not
have the appropriate input connectocs. The microphone pre-
amplifier cable connects directly to the supply, and the audio
output signal is available from a BNC connector on the sup-
ply for convenient connection to the associated equipment.

The 15114A is a truly portable unit, operating for at least
eight hours from four standard 1.5 volt batteries. Recharge-
able batteries can also be used, and the compact 15144A
Charging Unqit cecharges even fully discharged batteries over-



night (about 14 hours). The Charging Unit also permits the
15114A to be operated from standard ac line voltages.
Price: Model 15114A, $140 ($130 at factory in West Ger-
many).
Model 15144A, Price on request.

15127A cable amplifier

The 15127A Cable Amplifier permits HP Mictophone
Assemblies and Preamplifiers to be operated at considerable
distances from associated equipment. A single 15127A can
drive up to 100 meters (330 feet) of cable, even longer if 2
reduction in upper frequency limit and/or maximum output
voltage is permissible. Operating power is obtained from the
microphone voltage, so the number of Cable Amplifiers
which can be used is Jimited only by the ability of the power
supply to furnish the required current. Standard Cable
Amplifiecs provide 0 dB gain option 01 units, 10 dB gain.
If desired, the gain can be changed in the field with a simple
wiring change.

The 15127A is particularly useful with less portable mea-
suring instrumentation such as the HP 8051 A Loudness
Analyzer and 8054A Real-Time Audio Spectrum Analyzer.
These instruments can supply enough current from their
microphone power supplies to support a Cable Amplifier in
addition to 2 Microphone Assembly. Also, the 10 dB gain
of the option 01 Cable Amplifier provides direct calibration
of the display of these instruments when used with the 1/5-in.
Microphone Assemblies.

Price: Model 151274, $90 ($90 at factory in West Ger-
many).
Specifications — 15119A/15109B
Sensitivity (nominal): individual calibration supplied
15t19A: 1.58 mV/ubar (—56dB re 1 V/ubar).
15109B: 5 mV /ubar (—46 dB re 1 V/pbar).
Frequency response: free field (frontal incident)
15119A: =1 dB from 20 Hz to 25 kHz.
15109B: 2-1.5 4B from 20 Hz to 16 kHaz.
+0, —3 dB from 16 kHz to 18 kHz.
Maximum devlation from free field for diffuse field:
15119A: —1 dBup to 3 kHz
—2dBupto 5kHz
—4 dB up to 10 kHz
—6 dB up to 20 kHz
15109B: —1 dB up to 1.5 kHz
—2 dB up to 3 kHz
—4 dB up to 6 kHz
—6 dB up to 9 kHz
Dynamic range (from equivaient A-welghted nolse levei to 39/
harmonic distortion):

15119A: 30 to 150 dB above 2 x 10~ ubar

15109B: 17 to 140 dB above 2 x 10¢ pbar,

Temperature coefficient: <0.01 dB/°C (0.006 db/°F)
change in sensitivity, —10 to +50°C (14° to 122°F).
Effect of atmospheric pressure: for 109, change in ambient

pressure from 1 atm.

15119A: +0.1 dB

15109B: < +0.2 dB.

Power requirements: +200 V 2=5 V, <5 mV ripple, 2.5 mA
maximum.
Dimensions (not inciuding 10 ft (3 m) cable):
15119A: 0.50” (12.7 mm) diameter, approximately 514"
(130 mm) long.
15109B: 0.97” (23.8 mm) diameter, approximately 51"
{135 mm) long.

Weight:
15119A: net 1 Ib (0,45 kg). Shipping 3 Ib (1,4 kg).
(5109B: net 11/ Ib (0,65 kg). Shipping 4 Ib (1,8 kg).

Environment: —-10 (o +350°C (14 to 122°F), relative
humidity up to 95% at +40°C (104°F).

Accessories furnished: 1000 pF Input Adapter, Tripod

Mounting Adapter.

Accessories available:

HP 15124A for 1”: Insert voltage adapter.

HP 15125A for 15": Insert voltage adapter permic
determination of microphone cartridge open
circuit voltage for calibration purposes,
§50.00.

HP 15142A for L”: Marching capacitors.

HP 15134A for V4”: Maiching capacitors. Capacitive
load for measuring noise under operating
conditions. $12.50.

HP 1000-0501 Triped, permits support of the micro-
phone away from bulky objects such as mea-
suring instrumentation, which would inter-
fere with the sound field. $35.00.

Price: Model 151194, $275 ($250 at factory in West Ger-
many).

Model 15109B, 8270 ($250 at factory in West Ger-
maay).

15108B and 15118A preamplifiers

Gain (at 1 kHz with fnput Adapter attached): 0 dB -0,
—0.25 dB.
Frequency response (with Input Adapter attached):
With Nominal Load and 1 V rms Maximum Output:
#-0.25 dB from 5 Hz to 200 kHz.
With Nominal Load and 10 V rms Maximum Output:
=+=0.25 dB from 5 Hz to 20 kHz.
Maximum input: 10 V rms (sine wave).
Dynamic range (from equivstent A-weighted noise level to 1%,
distortion):
15108B: 17 - 140 dB above 1 pV.
15118A: 20 - 140 db above 1 uV.
Noise (A-welghted):
15108B: <7 uV rms with 68 pF across input.
15118A: <10 wV rms with 27 pF across input.
input impedance: 1000 MQ shunted by <2 pF without
wput adapter, <4 pF with.
Output impedance (at 1 kHz): <100 0.
Nominal load: 100 k) shunted by 500 pF.
Maximal output current: 0.6 mA.,
Power requirements: +200 =5 V, <5 mV ripple, 2.5 mA
fnaximum.
Environment: —10 to -+50°C (14 to 122°F), relative hu-
midity up to 95% at +40°C (104°F).
Dimensions:
15108B: 0.936” (23.78 mm) diameter, 43" (120 mm)
long not including 10 ft (3 m) cable.
15118A: 0.50” (12.7 mm) diameter, 434" (120 mm)
long not including 10 ft (3 m) cable.
Weight:
15108B: net J1/4 Ib (0,85 kg). Shipping 4 ib (1,8 kg).
ISL18A: net 1 Ib (0,45 kg). Shipping 3 1b (1,4 kg).
Price:
Model 15108B. $140 ($130 at factory in West Germany).
Model 15118A: S145 ($130 at factory in West Germany).

101



ACOUSTICS ?

\ /

The Hewlett-Packard 8057A Precision Noise Generator is an
audio frequency noise generator producing pseudo-random sig-
nals, available at binary and Gaussian distribution outputs.
These signals are repeated nojse patterns of known content and
duration. Both white and pink noise with an equal rms value
can be selected by push burtons. By producing a defined rms
value, the high stability of the output level allows the use of
a directly calibrated attenuator with 0.1 dB resolution. This
makes the 8057A a highly accurate noise source.

The basis of the 8057A is a clock-controlled binary waveform
geonerator arranged so that the traasitions between outpur levels
can occur only on “beats” of an internal clock. Alternately, the
waveform generator can be timed by an external clock of fre.
quency up to 1 MHz. Hence, the bandwidth can be varied ex-
ternally. A predictable noise pattern can be produced by apply-
ing a trigger to the gate input.

A shift register and a digital-to-analog converter together
form a low-pass digital filter. This Hitering mechanism converts
the family of two-level outputs from the shift register inro a
multi-level signal having a Gaussian probability density func-
tion and a neatly rectangular power spectrum. Crest factors up
to 3.5 give a remarkably close fit to the Gaussian distribution.
The unique feature of the digital filter produces a bandwidth
which is ditectly proportional to the clock frequency.

Outputs {rom the 8057A are available at a fixed amplitude of
10 volts (binary} and 3.126 volts rms (Gaussian). A precision
step attenuator provides control of the Gaussian output in 0.1,
1, and 10 dB steps from 129.9 down to 20 dB above 1 xV rms.
Push buttons allow an output impedance selection of 30 or
GO0 . A positive 2 us trigger pulse available from a rear-panel
connector indicates the period of the noise pattern. Hewlett-
Packard also manufactures Model 3722A Noise Generator
(Page 363).

PRECISION NOISE GENERATOR

Pseudo-random pink and white noise
Model 8057A

Specifications
Gausslan output

White noise

Frequency spectrum: dc to 26 kHz (—3 dB point) (with
external clock, upper frequency limit is equal to 1/20th
of external clock frequency). Effective bandwidth: 27
kHz. Spectrum is flat within #0.3 dB up to 15 kHz and
more than 25 dB down at 52 kHz.

Power density: 362 x 10"* V*/Hz.

Crest factor: 3,5,

Probability density: near Gaussian,

Pink noise

Frequency spectrum: 3 dB/octave decreasing from 2 Hz to
20 kHz. Accuracy: +0.5 dB up to 15 kHz; +0 dB,
— 1 dB 2t 20 kHz,

Crosspoint from whlte and pink noise frequency spec-
trum: 2.5 kHz.

Period of nolse pattern: approx, 2 sec. (for external clock:
1048 573 x clock period)

Amplitude (open circuit): 3.126 V rms or 129.9 dB above
1 4V.

Ampfitude attenuator: 0.1; | and 10 dB steps from 129.9
to 20 dB above 1 xV. Overall attenuator accuracy:
+0.5 dB.

Output impedance: 502 or 600Q =3%.

Zero @rift: < =230 mV from 32° to 122°F (0° to 50°C).

Binary output
Output signal: psendo-random binary sequence. Clock rate:
520 kHz (or external clock) Sequence length™ 1 048 575
Bit.
Amplitude (apen circult): 10 V =109,
Output impedance: approx. 6002,
Rise, fall time: <50 nsec.

Trigger output (Positive trigger pulse indicates period of the
noisc pattern).
Trigger pulse amplitude: approx. 10 V.
Output impedance: approx. 1 k.
Trigger puise width: 2 usec (or equal to cJock period of ex-
ternal clock frequency).

External clock input: only for white noise output. (Pink noise
should not be used with external clock. QOverloading ampli-
frers distorts output),

Pastive clock pulses: min. -2 V; max. 4+ 20 V amplitude.
Sine wave at Jeast 4 V peak to peak.

Maximum clock rate: 1| MHz.

Minimum pulse width: 15 nsec,

laput impedance: approx. 1 k.

Gate input: —1 V to 42.8 V or connected to ground disables
Noise OQutput. (Gate input connected to ground: Output cur-
rent approx. 2.5 mA). +45 V to 12 V or not connected
enables Noise Output.

General:

Power: 115 V or 230 V - 10%, —15%, 50 Hz to 400 Hz,
14 VA,

Dimensions: standard HP )4 module; 6” high, 7%” wide,
117 deep (155 x 190 x 27 mm).

Weight: net 614 b (3,25 kg), shipping 8 1b (4 kg).

Price: 80574, $775 (8675 at factory on West Germany).
Option 01: without attenuator, subtract $100.



GENERAL PURPOSE
DIGITAL COMPUTERS

Computers may be divided into two main
classes, “digital” and ‘“analog”’, A digital
computer is one that obtains the solutioa to
a problem by operating on information in
the form of coded numbers, while the in-
formation processed by an anajlog machine
is in the form of physical analogs, such as
voltages or shaft positions, that represent
numbers. Principal advantages of the digital
computer are its ability 1o stoge vast amounts
of data and to petform calculations o any
required degree of precision, while the ana-
log computer Jends itself to direct solution
of complicated equations (such as differen-
tal equations) through simulation of many
variable parameters. In recent years. “hy-
brid” computers have been developed which
combine Jigital computer memory, logic and
accuracy with the dynamic simulation and
differential equation solving capability of the
analog computer. The hybrid computer is
capable of solving problems which lie in
both the digital and analog domains, but is
necessarily more difficult 0 use, and more
expensive, than a straightforward digital oc
analog machine.

Digital computers, in turn, may be di-
vided into two classes, general purpose and
special purpose. Special-purpose computers
are designed to solve only a specific class
of problem. One example is a differential
data analyzer, a digiral computer tailored to
the solution of problems that ¢an be reduced
to a sec of differentral equations. Machine
ol controllers represent another type of
special purpose computer.

General-purpose computers, on the other
hand, are not oriented roward specific tasks,
but may be programmed to compute and
manipulate informacion for many different
purposes. However, cercain broad areas of
application are better serviced by compurers
emphasizing particular hardware characieris-
tics. Thus, the general field of general-pur-
pose digital computers breaks down into
business data processors, which emphasize
large inteenal memory and external data stor-
age capacity to perform relatively simple cal-
culations on very Jarge amounts of data, and
scientific computers, which stress computa-
tional capability to solve complex problems,
and ipput/output flexibility for ease of inter-
face with instruments.

The Hewlet-Packard family of computers
(models 21158, 2115A and 2114A) are
general-purpose digital computers for scien-
tfic and induscrial applications. They may
be used (with appropriate data inpur and
output devices) as [aboratory tools for solv-
ing scientific research and engineering design
problems, and can be jncorporated into in-
strumentation systems to compute data and
perform control functions whife experiments
age in progress,

The computer system

A computer system is composed of two
parts: hardware and software. The hardware
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comprises the computing machine or ‘central
processor’ and peripheral equipment such as
paper tape readers, typewciters and tape
punches. Software consists of the programs
or lists of insteuctions that control operation
of the computer; these programs are com-
menly recorded on punched cards, punched
tape or magnetic tape, and are then read
into the computer through one of its input
devices.

The computer itself {s made up of five
elements: {nput section, output section, arith-
meti¢ unit, memory, and control.

Input: The inpurt section, in conjunction
with appropriate external devices, receives
data and instructions from various storage
media (e.g. punched tape or magnetic tape)
or via a manual-entry keyboard. The incom-
ing information is stored by the computer in
its memory.

The basic function of the input section
is to translate the external data into a form
in which it can be stored in the compurer
memory (e.g. 16-bit binary words). Input
devices used with the Hewlert-Packard com-
puters include punched wpe readers, key-
boards, magnetic tape and magnetic disc
units, card readers, .and also digical volt-
metess, counters, and other measuring instru-
ments.

Ourput: The output section of the com-
puter transmits data to output devices such
as typewiters, tape punches, magnetic tape
and magnetic disc units, and printers, per-
forming code translation and formulating as
appropriate. The output section also trans-
mits signals for controlling external devices;
for example. function commands for instru-
ments such as digital voltmeters and scan-
ners. Some peripheral units can function both
as inpue and output devices. For example,
the computer can both read from and record
on magnexic tape and magnetic disc units.

Arjthmetic: The arithmeti¢ unit performs
calculations (using basic arithmetic opera-
tions) and maaipulates dara. Multiplication
and division are accomplished either by suc-
cessive additions and subcractions inirated
by software, or with addilional hardware,
usually offered as an option (e.g. Hewleu-
Packard Extended Arichmeric Unit). An ex-
ample of data manipulation is the rearrange-
raent of a string of characters so that they
may be recorded by the computer in 2 de-
sired format.

The arithmetic unit ccnsists of one or
more registers or ‘accumulators’, and asso-
ciated Jogic circuitry. The accumulators hold
the results of arithmetic and logical opera-
tions performed by instructions, while the
logic enables data in the accumulators to be
combined wirth information transferred from
memory. The Hewlett-Packard computers
have two accumnulators, usable independently
for computational flexibility.

Memory: This section is the heart of the
computer; all information processed by the
computer passes through the memory. Most
smal] computers use a ‘core’ memory, con-

sisting of an intricate matrix of ferromag-
netic cores, each capable of storing one bit
of information. The basic memory of the HP
2115A and 2114A Computers can hold 4096
(4K) words, each consisting of 16 bits of
information. This can be e¢xpanded to 8K
words. Basic memory of the HP 2116B is
8K, expandable to 32K words.

Besides word capacity, the speed with
which information can be stored or read
from memory is one of the principal charac-
teristics defining the performance of the com-
puter. In the HP 2116B the memory cycle
time is 1.6 microseconds, which means that
information can be written into or read from
memory at a rate of 625,000 words per
second. This allows, for example, 312,500
additinns to be pesformed in one second.

Control- This section controls and coordi-
nates the whole operation of the compuer.
It directs the cransfer of data between che
computer registers and controls the opera-
tions performed. It also interprets the in-
structions read from memory and sets up the
gating functions (o catry out their execusion,

Software

Even the simplest tasks involve intricate
movements of numerous binary bits of in-
formation within the computer, such that
exhaustively explicit instructions must be
given to the compurer to perform each task.
Therefore, while it is possible to write pro-
grams for the computer which are coded in
the binary form the computer uses, called
“machine language”, it is too time-consuming
and susceptible to errors to be practical. Vari-
ous aids have therefore been devised to make
programming a computer easier, and conse-
quently mose effective,

Software is the general term given to the
programs which, when loaded into the com-
puter, utilize the computer itself to perform
2ll the detail work, leaving the programmer
free to concentrate on designing 2 program
to solve the problem ac hand. The function
of software is therefore to make the com-
puter usable. It is usually (but not neces-
sarily) designed by the computer manufac-
rurer and furnished along with the bardware,
in a form ready for reading into the com-
puter—punched tape, magnetic tape or
punched cards.

Software can be divided loosely into four
classes:

a) Translators—programs which translate
human-oriented languages into machine
language.

b) Control systems—programs which take
care of all the functions essental tc
operation of the computer system.

¢) Utility routines—program editors, pros
gram debugging routines, hardware diag-
n0stics.

d) Applicadons programs—these adapt the
computer system for maximum effective-
ness in a specific application.
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For general computation and instrument systems
Models 2114A, 2115A, 2116B
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The 2114A, 2115A, and 2116B ace vecsatile general-purpose
digital computers, particularly suited in computational power
and input/output fAlexibility to scientific 2nd industrial measure-
ment applications. Each may be used as a free-standing system
for solving scientific and engineeting design problems, or in
instrumentation systems, in combination with Hewlett-Packard
measuring instruments, or many other devices to provide com-
plete solutions in a broad spectrum of measurement tasks.

Each Hewlett-Packard computer is compact, fexible, and
fast, The essential diffetences between the computers are:
maximum memory size and cycle time, the number of priority
interrupts, environmental tolerance, and price. Significant fea-
tures of all three computers are indicated in the table on page
108.

Optional equipment to expand the power and versatitity of
each computer is available on a plug-in basis. For the 2115A
and 2116B this includes disc memory, direct memory access,
and an extended arithmetic unit which significantly reduces
muftiply and divide time, and also provides varizble length,
long shifr and rotate instructions.

Hewlett-Packard computers are completely software com-
patible and offer a flexible instruction repertoire of 70 basic
one-word jnstructions, with the capability of extensive micro.
programming through one-word combinations of register refer-
ence instructions. The software package includes ASA Basic
FORTRAN (Extended) and ALGOL compilers, an assembler,
a symbolic editor, a basic control system, and conversational
BASIC. Software is also furnished for reconfiguring the basic
control systern to accommodate changes in the 1/O hardware
system, program debugging, and diagnosing hardware mai-
functions, All softwace except the ALGOL compiler and BASIC
are fully operable in the minimum hardware configuration,
consisting of 4096-word mernory and teleprinter J/O. The
ALGOL compiler and BASIC require 8K memory. In addition,
2 Real-Time Executive software system for the 2116B, in con-
junction with disc memory and other peripherals, provides
real-time execution of core and disc resident programs con-
currently with background programs stored on disc or paper
tape.

2114A

The 2114A is the most compact member of the Hewlett.
Packard computer family, yet it contains the same multilevel

priority interrupt system and uses the same powerful instruc-
tion set as the larger 2115A and 2116B Computers. Its ex-
tremely compact design allows the central processor up to 8K
of memory (2 us ¢ycle time), 8 device interfaces, and all power
supplies to be housed in a single, small cabinet. The 2114A
also offers a unique multiplexed input/output system. This
system consists of only one plug-in card and provides easy-
to-use interfacing for the connection of up to 56 special or
user-designed peripheral devices to the 2114A. Other standard
features such as Power Fail Imterrupt and lockable power
switch angd panel controls make it ideal for O.EM. or sys-
tems applications.

2115A

The medium-sized 2115A Computer allows 4K or 8K of
memory in the basic mainframe, a2 memory cycle time of 2
microseconds, and /O slots for 8 device interfaces (expandable
to 40 using an external extender). The computer is packaged
in two small instruments: a 12147 tall processor and a 1014”
tall power supply. The unit offers both high-speed extended
arithmetic and direct memory access (DMA) capabilities.
These provide for high-speed computation and throughput
rates for more demanding problems, as well as providing for
effective use of external equipment such as high-speed recerders
and disc memories. The two-channel DMA can be individually
switched to any two I/O channels under program control and
permits data transfer rates of 250 kHz per channel or 500 kHz
using both chanoels. The 2115A includes other features found
only in much larger computers.

21168

The 2116B is the largest, most powerful Hewletr-Packard
computer. It has a 1.6-microsecond memory cycle time, memory
expandable to 32K in 8K modules, and 16 T/O slots in the
mainframe for device interfacing, An additional 32 device inter-
faces can be accomodated in an optional I/O extender. The
2116B also makes provision for two program-selectable dicect
memory access (DMA) channels and an extended arithmetic
unit. The high-speed 2116B memory provides DMA transfer
rates of 312 kHz pet channel or 625 kHz using both channels.

A Real-Time Executive software system makes the full po-
tential of the 2116B realizable. This multiprogramming capa-



bility allows the running of foregrouad programs in real-time
concurrently with background programs. The programs may
be in (real-time) FORTRAN or Assembly language.

Standard systems are produced by Hewlett-Packard which
contain the 2116B and reflect its power and versatility. These
include: Data Acquisition Systems operating in real-time; a
Time-Shared BASIC system which allows 16 users to program
the 2116B, simultaneously, in the popular BASIC language; and
2 Digital Logic Module Tester using the 2116B for high-speed
automatjc testing of digital logic modules. Thus, the 2116B is
truly a computer for complex scientific and industcial applica-
tions,

Input/Output flexibility

The computers operate through standard plug-in interfaces
with all the standard computer peripherals, and virrually all
Hewlett-Packard instruments capable of being programmed
and/or providing a digital data output. General purpose plug-
in interfaces are also available which enable the custormer to
operate a wide variety of devices of his own choosiag with the
computer. Besides the conventence of plug-in interface cards,
the computers provide, as standard features, unique chaaael
identification, an zutomatic multichannel identification and
an automatic multichannel priority Iaterrupt system. Priority
Jevels can be altered simply by interchanging the positions of
the interface cards.

Input/output channels may be run one ar a time uader pro-
gram control, or simultaneously under interrupt control. Pe-
ripherals can be added, upgraded, or deleted, and service
priorities chznged on a plug-in basis—no wiring changes ace in-
volved. Interface circuicry to run a specific peripheral is con-
tained on oné or more cards that plug into any 1/0 slot in the
computer or extender. To achieve this, all interface cards have
identical pin assignments and the computer backplane is uni-
formly wired. Interconnecting cables mate directly with the
/O interface cards (see photo), reducing the number of
mechanical connections in the system and minimizing the
possibility of noise injection from the I/0 device into the back-
plane. All peripherals draw their power directly from the power
Jine; the interface cards are powered from the computer’s in-
ternal power supply.

Multichannel priority intercupe capability is a standard hard-
ware feature in each Hewletr-Packard computer; an interrupt
channel associated with a unique memory location Is provided
with each 1/O interface. That is, an iaterrupt request from an
1/0 device directly executes a location in memory uniquely
associated with that (/O channel. This interrupt location will
typically contain the eatry instruction for a subroutine to service
the 1/O device. Priocity level is determined by the 1/0 slot into
which the interface card is installed, so priority levels can be
rearranged simply by moving cards into different slots. Periph-
erals can also be programmed 'in’ or ‘out’ of the interrupt
chain under program control (The interrupt system can also
be bypassed and all peripherals run under direct program
control.)

[nterrupts are recognized by the end of the current machine
cycle. More important, overall response is fast. In a multidevice
system, a service request by a higher priority device causes the
first ‘useful’ instruction which communicates with that device
to be executed in less than 7 microseconds for the 2116B. \When
operating with only one 1/0 device, the response time is less
than 3 microseconds. Times of 8 and 4 ps, respectively, are
required by the 2114A and 2115A. The multichannel interrupt
feature and fast response promote efficient operation in 2 real
time environment, as in instrumentation systems.

Machine organization
Each of the Hewlert-Packard computers has nine internal
registers. Eight of these are fjp-flop (inregrated circuit) reg-
isters and the ninth consists of switches for manual data entry.

The contents of all but cne of the flip-flop registers are avail-
able to the programmer; the 2115A and 2116B displays these
registers on the froat panel. The 2114A displays two (6-bit
flip-flop registers (Memory Data and Memory Address), two
1-bit registers (Excead and Overflow), and the switch register
contents.

T register (memory transfer): All data transferred into or
out of memory is routed through the T register. The T register
display indicates the information that went into or out of 2
memory cell during the preceding memory cycle.

Extarnal davices are interfaced by Inserting the appropriale Inlerface
card and connacting the devica cable.

P reglster (programy counter): Holds address of next in-
struction to be fetched from memory (or address of current
instruction in the case of 2 mulriphase instruction). The P
register increments by one after the execution of each instrucrion
{or by two if executing a skip instruction). A jump instruction
can set the P register to any core location.

M register (memory address): Holds address of next mem-
ory cell to be accessed.

A and B registers (accumulators): The A and B registers
execute and hold the results of arithmetic 2nd logical operations
performed by programmed instructions. The registers operate
independently, allowing the programmer considerable freedom
in program design. While they are flip-flop registers, they may
be addressed by any memory reference instruction as location
00000 and 00001 respectively, thus permitting intefregisrer
operations such as “add (B) to (A),” “compare (B) with
(A).” etc.. using a single-word instruction.

E register (extend): A 1 bit register, used to link A and B
cegisters by rotate instructions or to indicate a carry from bit
15 of the A or B register by any add or increment fastruction
(only) which references these registers.

OV register (acithmetic overflow): This  bit cegister indi-
cates if an add or increment instruction referencing the A or B
register has caused one of rhese accumulators to exceed the
maximum positive or negative number which can be contained
(432767 or —32768, decimzl). The overflow bit is not com-
plemented if 2 second overflow occurs before it is cleared, by
program instsucdions. It is not set by shift or rotate instructions.

| register (instruction): Decodes each of the memory refer-
ence instructions, and identifies the register refereace and input/
output instruction types. The I register also holds indicators to
direct the computer to page zero or cemain on the current page,
and to denote direct or indirect addcessing, (Contents of I
register are not displayed.)
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S register (switch register): A 16-bit register which permits
manual data entry through 16 switches on the front panel of
each computer, The 2115A and 2116B contain toggle-type
switches; the 2114A contains proximity-type sense switches.
The setting of the switch register may be transferred into the
computer in the following ways:

By program: Into A or B register using a Joad or merge
instruction with the switch register’s select code.
Manually: May be (1) loaded simultaneouly into the P
and M registers, using the load address switch, thus direct-
ing the computer to a specific memory cell; (2) loaded
into the memory cell specified by the M register, using the
load memory switch, thus permitting the user to change
the contents of any memory cell; (3) loaded into the A or
B register, using the load A or load B switch on the 2115A
and 2116B Computers.
Note: On the 2114A only, the contents of the A or B
register may be output to the switch register and displayed
by a programmed output instruction. Also, the contents
of the A or B register may be displayed in the Memory
Data register using the load address and display memory
switches after clearing the switch register with the clear
register switch.

Programming

The Hewlett-Packard computers ali have 70 basic one-word
(16 bir) instructions, all executable in one or two machine
cycles (plus 1 cycle for each step of indirect addressing). These
instructions are grouped in three types:

Memuory reference (2 cycle), 14 total
Register reference (1 cycle), 43 total
Input/output (1 cycle), 13 total

The register reference instructions are micro-operations that
can be combined to form over 1000 one-word, single-cycle
instruceions.

Word formats
Momory referenge Instruotions

15 14 13 12 it 10 |]9876543210
D/t Instruction /C Memory address

Reglster reference instructions
1 14 13 121 11 10 |9 8765 43210

Reg. ref. instruction A/B |SR/AS Micro-instruclion

Inpu/ocutpul Instrustions
15 M4 13 12| U I 987¢6|54321¢8

1/0 instruction A/B 1/0 select code

Full address
304 13 12 1 10 9876543210

D/1 Page address Word address

[nstruction

Instruction repertoire

Maohins
Type | Mnemonio Descrigtion Cyoles
AND ‘And’ (W to A;resultin A 2
8. | XOR Exclusive ‘or’ (M) to A; result in A 2
g | IOR Inclusive ‘at’ (M) 1o A; cesult in A 2
Ba | ISB Jump to subroutine 2
£s | NP Jump, unconditionally 1
=8 | ISz Increment (M); skip if result zero 2.25
2 E ADA/B Add (M) to A or B; result in A or B 2
s & | CPA/B Compare (M) with A or 8; skip if not equal| 2
= LDA/B | Load (MyintoAor8 2
STA/B Store (A) or (B) into M; A, B unchanged 2
NOP No operation
& | CLE Clear E-Register . .
& | SLA/B Skip if Teast significant bit of A/B is zero
a | A/BLS A or 8 arithmetic \ift shift one bit
3 | A/BRS A or B arithmetic right shift one bit All
< | RA/BL | Rotate Aor B left one bit 1*
< | RA/BR Rotate A or B right one bit
& | A/BLR A of B left shift one bit 3ign cleared)
2 ERA/B | Rotate E right one hit with A or B
2 = ELA/B Rotate E left one bit with A or B
% ¥ A/BLF Rotate A or B Jeft four bits
3 CLA/B Glear Aor B
- CMA/B Comgplement A or B (ones complement)
8 CCA/B Cleart. then)complement A or B (sefs
=4 c—
$& | CLE C(ear £-Register
&= = | CME Complement E-Register
3 3 | CCE Clear, then complement E-Register All
§ S (sets E to 1) ‘ 1*
2.8 | 32 Skip if E-Register is zero
v | SSA/B Skig if sign of (A) or (B) is zero
: B (A/B positive) )
| & | sia/B | Skip if feast significant it of (&) of
(B) is 2ero
INA/B Increment (A) or (B) by ane
i $Zp/8 Skip 1f (B) or (B) is zero
| RSS Reverse skip sense
S 8T0 Set arithmetic overflow
=3 | oL Clear arithmetic averflow Alt
g | SOC Skip if arithmetic overflow clsar 1
S S08 Skip if arithmetic overflow set
HLT Halt Frogram
STF Set flag bit of selected channel
& CLF Clear flag of selected channel
ol SFC Skip if flag clear
2 SFS Skip if flag set } All
3 MIA/B Merge contents of selected chaanel into 1
2 A or B (inclusive ‘or’) .
b LIA/B Lo%d contents of selected channel into A
= or
S | 0TA/8 | Outpot from A or B to selected channel
sT7C Set control bit of selected device
cLC Clear control bit of selected device

D/1 Direct/Indirect; 2/C Page 2ero/Current Page; A/B Register Identifler:
SR/AS Shift-Rotate/Alter-Skip !dentitier

Data, fixed point
By 13 12 1 10 987654321090

Sign Integer

Data, loating palnt
(Magnitude, 23 bits & sign; Exgonent, 7 bits & slgn)

15| 14 __ 0|05 __._8 7___1 0
Mag Magnitude, Mag, least  Ex- Exp
sign mest sig. bits sig. bits ponent sign

' *Register Reference Instructions can be combined to exscute In L eycle. This
allows, for example, shitts and rotatlons up to 8 places In 1 cycle.
**Coded under /0 group.

(M) = Contents of memory Location M.

Memory Reference: Memory addressing of HP computers is
based on a 1024-word page structure, All memory reference
instructions address either the current page or the base page,
thus up to 2048 words are directly addressable. The large page
size of Hewlett-Packard computers allows compact programs
with a minimum of indirect addressing. Also, programs can
share a large block of storage in the base page, easing com-
munication between routines using common data. Accumulatoss



are directly addressable as memory Jocations 0 and 1, enabling
their conteats 1o be added and compared. You can also load
from one accumulator jnto the othec.

Register Reference: Hewlett-Packard’s extensive set of reg-
ister reference instcuctions make it easy 1o edit character strings,
shift data within and between accumulators, test the accumu-
lators for condition (zero/non-zero, positive/negative, odd/
even) and to clear, set, increment and form the one’s and two's
complement of the accumulator contents,

Software

Hewlett-Packard computers are supported by a full range
of software, furnished in the form of punched tape or magnetic
tape. The following software packages are available:

FORTRAN compiler
ALGOL compiler
Assembler

Symbolic editor
Conversational BASIC

With the exception of ALGOL, Conversational BASIC, and
the large software executives, the software packages will run
in the minimum hardware configuration—4K memory and
teleprinter input/output. ALGOL and Conversational BASIC
require 8K of memory. Programs written in FORTRAN,
ALGOL or assembly language are independent of the hard-
ware I/O configuration. All {/O gdevices are identified by
logical unit numbers which the programmer uses to specify
1/0 operations.

At execution time the Basic Contro) System relates these
logical unit numbers ro physical numbers that correspond to
the /O slots occupied by the cards for the I/O device in
question. The Basic Control System is therefore configured to
suit a particular system.

An auxiliaty software package, Prepare Contrel System, is
furnished which allows the user to change his Basic Control
System to fit different input/output arrangements. A dynamic
program debugging package is also supplied.

Basic Control System
Hardware diagnostics
Time-shared BASIC Executive
Real-Time Executive

FORTRAN compiler: Accepts source programs written in
Amerijcan Standacds Association Basic FORTRAN. It produces
a celocatable machine language object program that can be
loaded 2and executed under control of the Basic Control System.
In addition to the ASA Basic FORTRAN language, Hewlett-
Packard's FORTRAN compiler includes a2 number of fearures
that extend the flexibility of the system.

ALGOL compiler: Accepts soufce programs written in AL-
GOL. It produces a relocatable machine language object pro-
gram that can be loaded and executed under control of the
basic control system. Operable in 8K memory.

Assembler: Translates symbolic source language instructions
into an object program for execution on the computer. The
source Janguage provides operation codes, assembly-directing
pseudocodes, and symbolic addressing. The assembled pro-
gram may be absolute or relocatable. The source program may
be assembled as a complete entity or it may be divided into
several subprograms (or a main program and several sub-
routines), each of which may be assembled separately. The
loader of the Basic Control System loads and links relocatable
programs; the basic binary loader loads absolute programs.

Symbolic editor: Enables the user to edit and update a sym-
bolic file tape that can be an assembler program, a compiler
program, or a data file. The editor produces an updated tape
from the source tape and change instructions. Jndividual char-
acters and entire source statements can be inserted, deleted, or
replaced. The editor will also provide 2 listing of 2 symbolic
file (sequentially numbering the statements). Diagnostic mes-
sages are produced for ecrors detected in format of edit control
statements.

Baslc Control System: Provides an efficient loading, input/
output control and debugging capability for relocatable pro-
grams produced by the assembler, FORTRAN compiler, of
ALGOL compiler. The system is modular in design and may be
constructed or modified to fir the user’s particular hardware
configuration, The following modules are provided:

Relocating loader: Loads, links, and Initiates the execution of
relocatable object programs produced by the assembler or
compiler.

Input/output control: Provides for general inpur/output
device control and software buffered data transmission be-
tween [/0 devices and computer memory.

Input/outpur drivers: Provide the instructions necessary to
aperate specific input/output devices, and serve as an inter-
face between the I/O control system and the peripheral
devices.

Two other software packages are associated with the basic

control system. These are:

Prepare control system: Combines the basic control system
component modules—loader, [/O control, and 1/0 drivers
together with equipment tables—rto generate a basic control
system for a particular hardware configuration.

Debugging package: A relocatable program that interprets
and executes machine instructions. Functions to be per-
formed are normally selected by typing in control state-
ments on the teleprinter.

Subroutines: The basic contro) system loads and links ob-
ject code library subroutines according to calls generated by
assembler orcompiler programs. A complete library of mathe-
matical and Input/Outpuc subroutines are available.

BASIC Interpreter: One of the most useful languages avail-
able with Hewlett-Packard computers is “BASIC,” developed
by Dartmouth College. In the design of BASIC, primary em-
phasis was placed on ease of learning and ease of operation.
The result was a Janguage which could be Jearned in a few
hours. Because of the ease with which it can be lJearned
and retained it has become the most widely used language for
people in engineering and the sciences.

BASIC is an interpretive language; the program is stored in
the computer in 2 form similar to the original alphanumeric
statements which are interpreted by the compiler at execution
time. Since the program is stored in essentially its original form,
progeam editing can be accomplished by simply adding new
statements or modifying old ones without the need for recom-
piling the entire program. While this process is slower ar execu-
tion rime because the computer must generate the appropriate
machine code for each statement during execution, the prepara-
tion of the program itself is significantly easicr and typically
requires only a fraction of the time required for other lan-
guages.

BASIC is also 2 conversational language; che computer re-
sponds to the programmer'’s inputs with English language state-
ments. For example, the compiler checks each statement after
it is entered for proper format, and aay illegal syntax is im-
mediately identified for the programmer with a diagnostic
message. If errors are encountered during the program execu-
tion the computer types a diagnostic message and may halt or
continue depending upon the type of error.

The combined features of the interpretive compiler and the
conversationality serve to greatly reduce the effort required to
prepare and debug progeams. The proof of the power of the
language as a computational tool is its predominance among
the languages used by the non-professional programmers.

A complete description of Hewlett-Packard’s Computers and
Software packages is contained in a pocket book titled "A
Pocket Guide to Hewlett-Packard Computers.” This book is
available free upon request. Just send 2 posteard to Computer
Guide, Hewlett-Packard Co., 395 Page Mill Road, Palo Alto,
California 94306.
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COMPUTERS continned .

For genaral computation and instrument systems
Models 21144, 21154, 21168

Specifications

21188 21164 2114A
Mersory
Type Core Core Core
Word size (bits) 16 16 16
Parity Ogtional Optional Optional
’ Basic configuration size (words) 8K 4K 4K
Maximum size In mainframe 16K 8K 8K
Maximum size using extender 32K - -
Memory area protect Optional - -
\ Cycle time (us) 1.6 2.0 20
‘ Instruotlon exesution speed {us)
Store word 3.2 40 4.0
Add (fuli word) 3.2 40 40
Multiply (subroutine) 120 150 150
Divide (subroutine) 300 375 375
Multiply (hardware optiom) 19.2 240 ~
i Divide (bardware oplion) 20.8 26,0 —
Number of basio Instructions 70 0 70
Aoccumulators
Number 2 2 2
L-_ﬁiddressable Yes Yes Yes
i Multitevel indireot addressing Yes Yes Yes
Priorlty interrup! system
Number of prewired input/output slots in mainframe 16 8 8
Maximum number of 1-0 slots using extender 48 40 8
Number of devices that ¢an be interfaced using multiplexed 1/0 - - 56
| Direst memory access
Direct memory access channels in basic system 0 0 0
Maximam number of access channels available 2 2 0
| Maximum word transfer rate (kHz) 625 500 -
Cycles required to instiate block transfer 13 13 -
Cyctes stolen (from main program) per word transferred 1 1 -
Dirgct memory increment Yes Yes No
SoHware
ASA basic-FORTRAN extended comgpiler Yes Yes Yes
ALGOL compiler Yes Yes Yes
BASIC interpreter Yes Yes Yes
Assembler Yes Yes Yes
| Real lime executive Yes No No
Hardware
Circuitry CTL L.C. CTL\C. CTL/TTL LC.
Power failure protection Yes Yes Yes
Automatic restart Optional Oplional Optional
Height ) 17 12%” 1214
| Width 16%” 16%” 16%”
I Depth 19%” 28%7* 28%”
Environmental temperature 0° to 55°C 10° to 40°C 10° to 40°C
‘ Environmental relative humidity (at 40°C) 957, 80% 80%
| Prices
with 4K memory - $14,500 $ 9,950
with 8K memory $24,000 19.500 13,950
34.000 - -

| with 16K memory®*

*Power Supply Unit in 2115A |s 10%~ high, 1634 wide, and 1834 geep.

**Prices for 21168 with 24K or 32K memory are avallable upon request.




Interface Kits for the following I/O options include soft-
ware; [/O Driver tapes are not included in Interface Kits
125518, 125544, 12555A, 12561A, and 12566A. Orders for
I/O options subsequent to original purchase of system must
state computer model and serial number, so that proper soft-
ware is furnished. Computer field service assistance is recom-

Input/Output Options

factory.)

mended for installation of I/O options subsequent to original
purchase; consult computer sales engineer or factory for service
charge involved. (Auxiliary EP 2160A power supply may be
needed when using most of the available I/O slots in the
2115A/2116B Computer; consult computer sales engineer or

o Prices for the following optlons Include both (nterface Kil and Peripherial. When ordering, spacify Interface Kit and Pecipheral-Device eumbers, for example:

To order a 9.Channel Magnetic Tape Input/Outout, specity laterface Kit 12559A and HP (HO1) 30306 Magnetic Tape Unit.

PRICE
INTERFACE
1/0 QPTION CAPABILITY KIT PER(PHERAL
115V, 80 Hz 230V, 50 H2
TELEPRINTER System records on tyﬁewriler and punched 125318 HP 2752A Telegrinter (modified 2,000 2,200
INPUT/OUTPUT tape and lapuls from exboatd and puached Yeletype ASR-33)
tape; 10 characters/sec. (ASCI code)
HEAVY-DUTY TELEPRINTER Similar to option above, except heavy-duty 12531B HP 27648 Talefr‘lnter(modiﬁed 4,600 5.000
INPUT/OQUTPUT Yoleprlater s furnished wilh sprockel-fead Telatype ASR-35)
laten. Recommendad where use sxoeeds
hrs/day or 30 hrs/week,
HIQH-SPEED PUNCHED Paper tape input at 300 characters/see, 125327 HP 2737A Punchad Taps Reader 2,100 2,200
TAPE INPUT (ASC) code) (with accessary 12525A Tape Holder)
HIGH-SPEED PUNCHED Paper tape oulput al 120 characters/sec. 12536A HP 2753A Tape Punch 4,100 4,150
TAPE OUTPUT (ASCil code)
LOW DENSITY MAGNETIC Compbter records on. and reads from, 1BM- 12538A% HP (H26) 20204 Magnelic Taps Unlit 12,500 12,700
TAPE INPUT,OUTPUT compalibls 44 inch 7-channel NR2I tapa. Bit
density 200 bpl. Spead 30 ips.
DUAL DENSITY MAGNETIC Similar lo option above, but Compuler records 12538A% HP (H26) 20208 Magnalic Tapa Unit 15,000 15,200
TAPE INPUT/QUTPUT and reads al both 200 and 556 bpl.
DISC MEMORY (3.2 MEGABITS) Provides sloraga for 174,080 words in 64-word 12561A* HP 2757A Disc Memory with HP 23,500 23,500
addressable sectors. Transfer rate 3 megabits/ 27564 Disc fdemory Power Supply.
second. Access time 33 s max, Requires DMA.
DISC MEMORY (6.4 MEGABITS) Similar to option above, but 348,160 words 12561 A% HP 2757A-0} Disc Memory wilth HP 28,500 28,900
27564 Oisc Memory Pawer Supply.
$-GHANNEL MAGNETIC TAPE Computar recards on, and reads fram, (Bi- 12559A* HP (HOY) 3030G Magnetic Tape Unit 18,500 18,700
INPUT/OUTPUT comgahble Y% Inch 9-channel 1ape. BIN density
800 bpi. Speed 75 (ps. Requires DMA.
AUX(LIARY POWER Supplements power supply In 21154 /21168. — MP 21604 Power Supply 2,000 2,000
“Uses 2 1/0 slots
& Prices for the following optlons are for the Interface Kit only; order by Interface Kit number. For axampfe:
To order the Relay Output Raglster, specify Interface Kit 125518,
TIME BASE GENERATOR Gengrates real time intervals |0 decade steps 12539A Nane requlred. 1,000 1,600
from 100 43 to 1000 sec (darived from crysial
oscillator). Used as sourca of \imed intecrupts
{or software clock,
DATA PHONE [NTERFACE (nterlace computer with B8ell System Data 12540A Bell Systam Dala Set 103A, 1,000 Not Avallable
Phane service.
GENERAL PURPOSE DATA Permits Ingul of 32 bits of infarmation from 12604A Delermined by user. 750 750
SOURCE INTERFACE axtarnal devica {typlcally: 8 BCD characters).
Kil Includes maling connector.
GENERAL PURPQSE DUPLEX Dual 16-bit fiip-flop register. Permits bidirec- 125544 Determined by user. 750 750
REGISTER liopal Iransfec of informalion between Computer
and external davices. (Accessory kit includes
48-pin mating conneclor).
RELAY OUTPUT REGISTER Provides 16 form-A contacts for operating 12551B Determinad by user. 600 600
exlernal devicas. (Accessory kit Includas 48-pin
mating connattor),
D-A CORVERTER P‘:ovidsls two D-A conversion chanaels, 8 bits/ 125S5A Delerminad by user. 750 750
channgl,
MICROCIRCUIT INTERFACE Dual 16-bit flip-flop reglster. Permits bidirac- 125664 Determined by user. 750 750

tlonal dats transfer belween comouter and ex-
ternaldeyncealDTLéTTL voltage levels. (Inter-
face Kitincludes cable and mating conasctor.)
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TIME SHARED SYSTEM
Model 2000A

y
\

2000A

J

Time-shared basic

The HP 2000A Time-Shared “"BASIC” System represents a
new philosophy in the design of time-sharing computer systems.
Most time-sharing systems have been characterized by their
Jarge size, multi-lingual capability, complex executive pro-
grams, and high cost. Experience with these systems has shown
that most users pay 2 high price for system features they
seldom use. Given a choice, most users prefer a simple, con-
versational language, usually BASIC. Yet the implemenration
of BASIC represents a relatively small fraction of the cost of
a system.

The HP 2000A. on the other hand, doesn’t try to do every-
thing for everybody. Whar it will do is provide an economical
BASIC language time-sharing systemn capability of efficiently
serving up to 16 users simultaneously.

Time Sharing Benefits

In order to understand the utility of time-sharing it is help-
ful vo list some of rhe features of time-sharing systems that
have made them the success they are.

1. Time-shariog systems are economical to use: the power
of a high speed processor is available to each user at a fraction
of the rotal cost.

2. The user can perform his computations when he wants to
without waiting for 2 turn in 2 batch system queue.

3. Conversational interpretive languages, not economically
practical on a single terminal-per-processor basis because of
their on-line program preparation and slower execution times,

become powerful and practical tools when buile into a time-
sharing system. These languages, which can be learned in
hours jnstead of weeks are perhaps the major factor in the
success and growth of time-sharing.

4. Program debugging is greatly simplified by the combina-
ton of on-line, two-way communication and lower operating
cost, which makes it possible for the user to debug a program
on-line without repeated cycles through the batch queuc.

5. In some applications time-shared operation makes it pos-
sible fot many users to simultaneously access a large common
daza base,

System Hardware

The HP time-sharing system is boilt around the HP Mode]
2116B Computer with a 16-bit word length (plus parity) and
16,384 words of magnetic core memory. For time-sharing op-
eration the computer is equipped with the following:

Internal
Direct memory access Memory parity check
Extended arithmetic unit Time base generator
Power {ail interrupt Teletype multiplexer

External
Magnetic disc memory
High speed tape reader

Power supply extender
Heavy duty teleprinter

The first four intetnal options provide the high speed data
transfer and computation, and the internal checking of power
levels and parity errors necessacy for best efficiency and re-
liability. The time base generator provides z time base for
determining time of day, for measuring system usage, and for
timing the sharing of program execution time.



A special teleprinter multiplexer was developed for the sys-
tem. Occupying a single inpur/output channel, it services
simultanecusly 2!l 16 user channels, one with each bit of the
16-bit word, For maximum reading accuracy, the multiplexer
samples each incoming bit eight times. Since the teleprinter’s
bit rate is 110 per second, a multiplexer sampling rate of 880
per second is required.

For bulk high speed memory, the system uses a magnetic
disc memory with 348,160 words of storage. The disc is used
by the system for storage of current programs (87,000 words),
storage of a file copy of the system executive program (16,000
wards). for storage of system tables, required for the library
and accounting system (11,000 words), and for storage of
saved user programs (235,000). Disc storage can be expanded
by adding up to three more disc units providing over 1,25
million words of program storage. The 16-millisecond average
disc access time, coupled with the executive's optimum timing
techniques assure the efficiency required for handling the maxi-
mum 16 users at once.

The heavy duty teleprinter secrves as the system control
console and is connected to the computer through a separate
1/0 interface. It is used for operator communication with the
system and for logging system information. Using this system
control teleprinter, the operator can also control access to the
system by assignment of user account numbers and passwords.

User Terminals

The teleprinters used as terminals with the system are the
Teletype Models 33-ASR or 35-ASR. Communication with the
system at rates up to 10 characters per second is possible
through the keyboasrd, printer, or paper tape reader and punch.
For local service, up to one mile, the terrninals can be wired
directly to the system. For longer distances or for greater op-
erating flexibility, the terminals can be connected to the system
through regular voice-grade telephone lines using coupling

equipment such as the Bell System Data Set 103A. Use of the
telephone system allows a greater number of terminals to be
served by the system; up to sixteen users can be handled
simultaneously on a first-call first-served basis.

General Specifications

Operating condltions: ambient temperatures 0° to 55°C (32°
to 131°F), relative humidity to 95% at 40°C, except for disc
memory, which {s limited to ambient temperatures from 10
1o 40°C (50° to 105°F) at relative humidity to 80%.

Equipment furnished
2000A Time-Shasred BASIC System (wich cabinet), 889,500
consisting of
2116B-02, 05, 08, 09, 011 Computer
2754B Teleprinter with 12531B
2737A Punched Tape Reader with 12532A
12539A Time Base Generator
2757A-01 Disc Memory with 2756A & 12561 A
2160 Power Supply
12584A-01 Teletype Multiplexer
2992 Dual Bay Cabinet (with doors)

Options
2757A-01 Disc Memory with 2756A & 12561A 28,500
12584-8006 Data Set Cables 50
(HO01) 3030G Magnetic Tape Unit 18,500
12584A-02 Telephone Auto-Disconnect 1,500

Power: 115/230 Vac, 50/60 Hz, 1650 watts,
Cabinet dimensions: 727 high, 46” wide, 30” deep.
Net welght: 990 Ib (449 kg)

Shipping welght: 1200 1b (554,8 kg)

Digital magnetic tape units

Both the 2020 and 3030 Series tape units are system oriented,
designed as highly reliable, economical peripherals for com-
puters and other digital systems.

The 2020 Secies are slow-to-medium speed tape units, offer-
ing tape speeds to 45 ips—rack-mountable with the other com-
ponents of your system (optional cabinet available). 2020's
offer the maximum in economy, with prices starting at $4,500.

The 3030 Series offer tape speeds to 75 ips, providing data
transfer rates in the medium-speed range (to 60,000 ¢ps). Each
tape unit in the 3030 Series is self-contained in a 30” wide
free-standing castered cabinet. Prices start at $7,000.

All Hewlett-Packard Digital Magnetic Tape Units are
standardized on the industry-compatible JBM 7- or 9-track
15”7 digiral tape formats, with NRZ] recording.

Hewlett-Packard offers 3 models of Digital Magnetic Tape
Units for use in conjunction with Hewlett-Packacd computers:

(H26)2020A, records on and reads from 7-chanoel tape
at 200 bpi, Tape speed: 30 ips.
Price (complete with interface and software) ....$12,500*

(H26)2020B, similar to the 2020A, but records and reads
at 200 and 556 bpi, switch selectable. Tape speed: 30 ips.
Price (complete with interface and software) ....$15,000%*

(HO01)3030G, records on and reads from 9-channel tape at
800 bpi. Tape speed: 75 ips. (Due to the speed of data

r o ™\

3030 Series

\ 2020 Series

transfer. an HP computer requires the Direct Memory Ac-
cess option for operation with this tape vnit.)
Price (including interface and software) ........ 218,500*

*Notes Prices are for 115 vae, 60 Hx operation. For 230 Vac 50 Hz operstion
2dd $200.
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2761A

J/

The 2760A and 2761A Optical Mark Readers are Jow cost,
desk-top, remote data-transmission terminals which ccad
punched and marked tabulating cards. They are designed for
use with standard telephone data sets in communication net-
works where limited information must be gathered from many
sources; or where it is desirable to use the original document
as direct input to the system, rather than punched cards, per-
forated paper tape, or manual enuy of information by key-
stcoke. The 2760A is a manual feed Reader. The 2761A pro-
vides the extra conventence of automatic cz2rd feed.

The Readers are human-oriented data entry systems thar
take advantage of two common and portable datz eatry de-
vices—pencil and paper. The input document i8 2 standard
rabulating card, coded bv marking lines through pre-printed
boxes with a regular soft lead penci). Up to 80 columns of
alpha.aumeric iaformation may be marked or punched on a
single card.

Since the tab cards are hand.marked, 20d are read directly
as marked, keypunch operations are bypassed. This eliminates
the cost, error potential, and noise associated with key-stroke
equipment—and speeds delivery of data to the teceiviag termi-
nal.

In application, immediate data transmission can speed input
of orders, payroll charges, inventory eatries, shipments, bill-
ings, and similar operating dara to a central data processor.
Because the Readers are low-cost portable units, it is practical
0 locate them for data entry at maay remote points.

Tab Card Specifications

Data entry documents: Standard tabulating cards, printed
with reflective ink visible to the eye, but not to the phorosensors
of the Reader. A row of “clock’ marks printed on the cards
synchronizes reading with the dara entry marks on the card.

OPTICAL MARK READER

For data entry and communication
Models 2760A, 2761A

Card design: The information can be arranged in almost any
manner, with considerable positional freedom in the horizontal
direction. For example, the cards can be divided into data fields:
they can include printed instructions for data entry; and space
can be provided for handwritten information not to be read by
the Readers.

Coding formats: Models of the 2760A/2761A are available
to read aay one of three formats:

Hollerith Punch Format: The Readers read holes and marks

interchangeably, and both on the same card. Mark positions

occupy the punch positions of a standard tab card.

Hollerith Mark-Sense Format: Mark positions are higher on

the card, Jocated midway between the rows of Hollerith

punch positions.

Dial Code Format: Hewlett-Packacd's new “dial” code uses

a simple alphabetic coding, arranged in a manner )ike 2

familiar dial telephone.

Marking cards: Data is written on the cards by marking
diagonal lines in pre-printed boxes enclosing the characters o
be read, using a regular soft black lead penail. Skipping a
column enters a space.

Correction of entries: A feature of the optical mark syscem
is easy correction of errors. When undesired marks are erased
completely they are not read; new marks entered correctly will
be read instead.

Pre-punched cards: Cards can be pre-punched or pre-printed
with identifiers and routine information for tuin-arouad ap-
plications, reducing the amount of hand-entered datz, and
assuring correct identification of the turn-around document.

Reader Specifications

Installation: The 2760A/2761A requires only connection to
ac power and an interface cable berween Reader and Data Set.
Receiver compatibility: The 2760A,/2761A Optical Mark
Readers transmit a2t 105 characters/second or 10 characters/
second to receiving terminals equipped to accept data trans-
missions from Bel) Telephone System type 202C or 103A
Dataphones, or equivalent common cascies data trapsmission
equipment. Many receiving terminals are compatible, including
AT & T Dataspeed Type 11 and Teletype Telespeed 1050
Tape Receivers: and Teletype 33 and 35 Teleprinters. Many
digital computers, including Hewlete-Packard's are compatibie
for ditect input, making possible multi-terminal networks, auto-
matic polling. multiplexing, aad preliminaty processing.
Environment: The 2760A/2761A Readers are rugged, elec-
teically-conservative units designed to operate not only in office
environments, but also in construction sites, machine shops;
marine weather stations, and other locations where dirt, vibra-
tion, temperature, and humidity conditions are {ar from ideal.
The Reader operates from O to $5°C; relative humidity to
95% at 40°C.
Overall dimensions: 2760A: 1234” wide, 67%” high, 1914”
deep (330 x 175 x 495 mm); 2761A is 914" (235 mm) high.
Waight: 2760A: net 22 lbs (10,0 kg): shipping 29 lbs (13,2
kg); 2761A: net 28 Ibs (12,7 kg); shipping 37 Ibs (16,8 kg).
Accessories available: HP 12657A Simultaneous Teletype
Coupler for dual operation of Teletype and Reader through
a singlec type 103A Dataphone, $150.
Price: HP Model 2760A for Hollerith formats, $2500; Model
2761A for Hollerith formats, 82850: dial code format adds
§s50.



DIGITAL-TO-ANALOG INTERFACE

High-speed, bipolar output /M/g O:gli?,llgf'%ls
Model 6933A
P N\
6933A - = ! '

\

J/

One Package Includes:

D/A Converter

Storage Capability

Built-in Power Supply and Reference Source
Low Impedance Operational Amplifier output
Isolation Between Input and Output

Adapts To Wide Range of Digital Input Levels

Description

The Model 6933A is a small system in itself, for fast,
trouble-free/analog programming by a digital system. With
a bipolar output that can give a current of 10 mA through-
out a swing from plus 10 to minus 10 V dc 50,000 times
a second, the Model 6933 A offers near ideal interface com-
patibility between a computer and a power supply—or any
other analog input instrument.

Standard models accept inputs from either a binary or
8421 BCD format; other inputs are easily accommodated at
the time of the order. A plug-in board design gives the flexi-
bility needed to suit the coding and logic levels of most
computers.

All Hewlett-Packard power supplies that feature external
voltage programming can be programmed by the D/A Intes-
face with little or no modifications.

There is no voltage overshoot during tura-on, turn-off, ot
sudden power removal, overshoot of any programmed output
voltage (across a resistive loady will be less than 0.1% == 1m.
In addition, short circuits across output terminals will cause
no harm to the unit.

Specifications

DC analog output: —10 to +10 V dc (1 mV increments)
2t 0+ 10 mA (10 mA sinking}.

AC power input: 115 V ac =109, 50 - 400 Hz,

Load regulation: less than 0.2 mV for 2 load current change
of 10 mA.,

Line regulation: less than 0.2 mV for 2 109 change in the
norminal line voltage.

Ripple and noise: less than 1 mV p-p at any line voltage and
load condition within rating.

Translent recovery time: less than 10 us is required for output
voltage recovery to within 0.1 of the range setting follow-

ing 2 change in output current equal to the current rating of
the supply.

Temperatura coefficient: less than 50 2V output change per
degree centigcade change in ambient following 30 minutes
warm-up.

Accuracy and resolution: 1 mV ar 25°C =15°C.

Programming speed: time required to attain 99.99% of pro-
grammed value.

Qutput vottage: —10 to +10 V or 410 to —10 V In less
than 10 gs.
Voltage data transfer rate: greater than 50 K words/sec.

Input/output coding: other codes and levels available.

Typhoal Lovels and Coding

Input Degoription Lines High Low
Voltage magnitude Loglcal 0 Logical 1

(8GD form) 18

(Binary) 14
Voltage polarity 1 + —
Gate: starts processing of 1 Hold Read
voltage magnitude and po-
larity data
Total input fines 18
Output Dasorption
fFlag: notifies programmer 1 In-Process Comptete
that voltage magnitude and
polarity data processing are
complete

Temperature ranges:
QOperating: 0 to 55°C.
Storage: —40to +75°C.

Controls; line switch (on-off)

Rear output terminals: terminals for output, common, and
ground. The common output terminal may be connected to
ground through 2 separate ground terminel, or the output
can float up to 300 volts off ground. Inputs enter the rear
through a 50-contact ribbon connector.

Dimensions: 16%” W x 33%” H x 134” D (42,5 ¢m W x
86cmHx33,7¢cmD).

Price: HP Model 6933A, $1200.

Optlon 28; 230 V ac +10%, single phase input. Factory modi-
fication consists of reconnecting the multi-tap jnput power
transformer for 230 volt operation; price, $10.
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The Model 9500A Automatic Test System is a computet-
controlled versatile test system using a family of Hewlett-
Packard programmable instruments for providing output
stimuli, response measurement, and processing and recording
the resultant test data. The Model 9500A is suited ideally for
production or assembly line testing where high reliability and
lictle maintenance is required. It offers a number of options
(as shown ia the table) to suit most customer test requirements.

Software/Pragramming. The Model 9500A Auromatic Test
System uses a simple computer language called HP BASIC
which enables the operator or programmer to write his pro-
grams in English-like statements. By using an interpretive
compiler, resident in the System’s computer memory at all

STIMULI ¢« RESPONSE MEASUREMENTS
Processing data * Recording results
DC to 500 MHz — Model 9500A

times, an operator can become a “programmer’” since a pro-
gram can be written by typing instructions directly into the
computer on the Teleprinter and then executing the program
upon command via the same Teleprinter.

HP BASIC, used with the Model 9500A, consists of the
popular BASIC language extended to include instrumentation
control statements. This computer test language is so simple
that it can be learned in approximately 4 to 8 hours.

The test engineer using the Model 9500A is normally the
most qualified person to write 2 test program since he s the
one most familiar with the tests to be made. After a test pro-
gram is written it can be checked immedately for inaccuracies
and failures. Corrections can be made without time-consuming
delays associated with off line compiling.

Hardware. The Model 9500A uses the HP 2116B Computer
and other instruments from Hewlett-Packard’s expanding
family of programmable instcuments. The table shows the
instruments and components which comprise the Model 9500A.

Systemn Operation. The block diagram shows the System
complete with all options. System control is either through
manual keyboard entry on the teleprinter or by previously pre-
pared programs via the punched tape reader. The stimuli con-
sists of dc, ac to 100 kHz, and ac to 500 MHBz. DC and low
frequency ac stimuli are routed through the distribution switch
to the uait under test (UUT).

Measurement inputs consist of dc, ac to 1 GHz, ohms, and
frequency. AC measurements above 100 kHz are recorded on
the digital voltmeter (DVM) as a dc voltage by routing the
dc outpurs of the respective meters through the measurement
scanner to the DVM. The input scanner also has signal switch-
ing to route ohms, frequency, and ac/dc inputs to the ap-
propriate DVM connector for direct measurement.

The System (less options) is supplied with a two-section
distribution switch, with one section for switching dc stimulj
outputs to the UUT and one section to switch dc voltages to
the DVM for measurement.

LR EY TR [ [N ,
puscutd  EEPI D bp 2las £_J Ln 21504
TAPL PRABES Lrdusie  [ooeped CELEPRINCIR
CONTROL CONTRDL
"4 {9 ///w{\/ / f HP 81104 =F 1020 /z b / Mo/ a 5[
Ytk g Iiiae FLoTL LLES ) /g
T / ,-f?","/‘ S ToLtene WA V¥ /
Ml’;l/ Ié».u;( ‘.'7{ 11 R
s /e /.)/u-::[ , oLt | 11
/7 s 5 Y ;
/ ZLISIANCE | be ouiFETS 11
777 Tl S b e | i
2 3 Aol mnan vouThoe
e ]‘// 0 | b
I 1)
T |
S—— i i
—! / }}!&/ gy : (|
. (.
4
// A we q\/ /"({4 I [
s - c|mg(aﬁ| b
Y —— P CABLing sKY ' /i « ) 1]
ciee LUST. (ABLIAG & | |
T T Y |
1 V2L . RIEEN ) )
rd \ / - ) ~
l \ ~
__________ < - A AR SRR NN N R R

l AC JOLTALE AL VOL[AGE 114
' b 500 “ny 10 100 -2

I \ ) Uv1™ LNOR

I SYINULCS

FESISTAKCC  PRFQ AL wOLTS  DC yOUIS
“0 100 xkx

b TEAY

a
1) 10 KHy

; \

VERSURINEAT 4CANHING ALAT J3EnENT

_— e e e e e — — — e e e e e . e — — — . — — —— —



HIGH PERFORMANCE TO COST RATIO
Reliable ¢ Easy to program n_
Maodular « Computer-controlled H

i

CUSTOM SYSTEMS

HP 9500A automatic test system data

Funetion Key Specifications *Instrumamt " Funothen Key Specifications “Instrument
Standard system equipment Optlotis (oontinued)
AC measure- | 50 Hz to 100 kHx, 1V to 1000 V full-scale | BP 2402A/02

Computer 8k memory, 16 1/0 channels HP 21168 ment to 100 (750Ygeak) (& ranges): full 5 digit read-

Teleprinter { Inpul typing: 100 words/min punched | HP 2752A kHz out with over-range; 10 wV resolution on
paper tape output =10 char/sec, printed (Arg%diaféed lowest range
bage oulput—10 chae/sec =9 AC measure- | 1 mV to 100V full-scale—10 Hz to 10 MHz | HP 400E

Punched 300 chai/sec, 17 paper tape HP 2737A ment to 10 (progeam-

tape reader | MH2 mabte)

DC stimulys *5°| M °;°}j V resolution; =10 V, 0.001 V| HP 61308 * ACand phase | 1 MHz to 1,000 MHz (10 bands) 0.1 mV to | HP 8605A
reso “t“’“'blm 1A output, current limit | measurement | 1 V full-scale (3 ranges) =180° phase | (program-
programmable to 100 MHz | measursment mable)

1,000V , 5 full digi HP 2402A -

?nce;'s'if',ﬁem EEV"Q}’.,‘Q,.RG 01\/ L’\',s,'jg"ﬁﬁfion uon '.%'J,ist Measurement | 200 three-wire channels, random access, | HP 29118
range, guarded scanning 3-wire sc/dc, 2-wire traq., 6-wire ohms | HP 29114/

— ! - - | measurament Mm23 |
Distribution | Two relay trees, sach with 1 four-wire | HP 9400A I {
switch input 4- 16 four-witre outputs Frequency 0.1V to 100 Vinput, 5 Hz to 199.999 kHz, | 8P 2402/05

| measurement | 1 Hz resolution
System opthons
- Resistance 1 kQ 10 10 MQ full-scale (5 ranges) 6-wire | HP 2402A/03

DC stimulys | Same as above; 8 total (max.) HP 81308 measuremant | measurement, full 5-digit readout with

(additional) over-rangs, 0.01Q resolution on lowest

Distribution | Relay tree, 1 four-wire input and 16 four- | Switch I range ]

switch (addi- | wire outputs, (HP 9400A holds 4 total, | modules Cabinet Mounting rails, power strip, caster base, |1, 2, or 3

tional plug-{n  max.) {ans, flters bays as req.

modules) A" 8quip.

AC voltage 0.1 to 98,900 Hz, 0.1% resolution; 0.00 to 4031;? installe

Ttolm:-ll]zs o Igéaagox'tpd? }rr\nlp;‘;zﬂiéamphﬁe' provides 9.‘{:) n é\ﬁlditional Offers total of 16k memory system HP 2116B/M5

memory

AC voltage 0.1 Rz to 500 MHz, 0.1 Hz resolution; | HP 5105A

stimulusto | 0 dBm output into 50 ahms HP 5110B Heavy duty | When equipment usage exceeds 5 hrs/day | HP 2754A

500 Mtz HP 2753A teleprinter or 30 hrs/week (ASIR -35)

Attenuator | DC to 1 GHz, 0 to 132 fn 1 dB steps HP 355C/D We 236>

(pro?am- RP 27527 ‘
) mable) *Also Includes computer [/0 Interfacs boards, cables, software drivee, instro-

Hightlights ot HP automatic test systems

High Performance to Cost Ratio—HP Automatic Test Sys-
tems use standard programmable instruments and computers
specifically designed for antomated testing. 1/O card inter-
faces are generally standard items. The HP BASIC language
used for programming minimizes the cost of application soft-
ware. Softwiare and hardware training are also included in the
price.

Retiabillty—Instruments and computecs used in HP systems
are the same proven reliable equipment in use in laboratory
production test, and field service eavironments throughout
the world.

Easy to Pregram—The new HP BASIC language provides
easy programming and program change capability. By using
an on-line intecpretive compiler, each test statemeat is
checked automatically for errors during programming and
executed one step at a time. This eliminates off-line compiling
and tedious debugging. Test operators familiar with the de-
vices to be tested can do the actual programming with only
four to eight hours of instruction in HP BASIC.

ment modlfications as required.

Modularity —The interface to instruments is made through
standacd 1/0 cards. Therefore, systems can be expanded or
reconfigured as a customer’s requirements change.

Computer-controlled—Most HP systems are controlled by a
generzl-purpose digital computer along with a powerful
language. This permits easy program branching to sub-
routine for fault isolation and offers an inherent system
capability for calculating parameters on the devices under
test. It also allows processing of data into test reports and
statistical records for engineering or management evaluation.

Custom systems

Custom automatic test systems, simjlar to the HP 95004,
are being produced for module and component testing, R.F.
and microwave testing, calibration of equipment, data ac-
quisition and processing, nucleac instrumentation, and
avionics and communications devices. These systems are most
useful when large quantities or varieties of items must be
tested rapidly and the results made available immediately.

Hewlett-Packard will assume system responsibility for
intecfacing equipment supplied and any required instcument
software drivers.
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Instrumentation systems for data ac-
quisition can be categorized into two basic
classes: digital and znalog. An analog
system generally consists of a separate
signal conditioning, measuring and re-
cording channel for each input (usually a
transducer). The system may include an
on-line analog computer, In digital sys-
tems, mulriple inputs are sequentialiy ap-
plied to one set of measuring and record-
ing equipment; with some transducers,
signal conditioning equipment may also
be shared. A digital computer may be
included for both on-iine computation
and systera control.

Analog systems are used mainly where
only a few channels are involved
(roughly, ten or fewer) and where the
real-time equation-solving capability of
an analog computer can be brought into
play.

Digita] systems offer a much greater
range of capability in resolution, accuracy
and speed, and much lower cost for large
numbers of inputs (sometimes as many
25 1000 channeis). Information in digitai
form intrinsically offers enormous fiexi-
bility in storage and manipulation. For
these reasons digital systems are able ro
fill 2 much broader range of needs than
analog systems.

Hewlett-Packard specializes in digiral
data acquisition systems, in two major
categories:

2) Low-speed systems, operating at
speeds up to 40 chaanels/second.
These systems offer high accuracy
and resolution (to 6 digits), com-
mon mode and superimposed noise
rejection, and the ability to handle
ac, resistance and frequency inputs
as well as dc voltages. These sys-
tems are used for measuring slowly
changing phenomena, or static an-
alysis.

b) High-speed systems, operating at
speeds to 100,000 channels/second
(100 kHz), with resolution in the
order of 3 to 4 digits. These sys-
tems are able to dissect phenomena
lasting only seconds, or varying an-
alog signals, taking samples as
short as 50 nanoseconds; they are
therefore used for dynamic an-
alysis.

In the low-speed area, Hewlett-Packard
has complete, packaged systems offering
a choice of capabilities in speed, accuracy,
resolution, and types of inputs that can
be measured, to suic the user’s particular

applictaion, Benefits of the “standard
system” approach are:

a) Better specifications: each system is
a thoroughly engineered, tested
package, and is completely speci-
fied on 2 data sheet,

o

Greater reliability—through the
use of production techniques as
applied to standard Hewlett-
Packard instruments.

¢) Shorter delivery: because systems
are composed of standard instru-
ments produced in volume.

d

~—

Easy expandability: systems are
offered with many standard, data
sheet options allowing easy recon-
figuration, even after initial par-
chase, to suit changing needs. This
also makes it easier, and less ex-
pensive, to satisfy special require-
ments.

There are four series of slow-speed sys-
tems to choose from. Al offer the fol-
lowing types of output: printed strip,
typewritten sheet, punched tape, mag-
netic tape, punched cards. The prinicipal
differences lie in the system “front ends”.

The 2010 series (pages 124, 125) use
the 2401C JIntegrating Digital Voltmeter
as the digitizing element, along with the
2901 A Input Scanner. The 2010 series are
characterjzed by exceptional common
mode and superimposed noise rejection,
selectable integration time, built-in pro-
gramming capability, and options for
measuring ac, ohms, frequency and
period.

2014 systems (not derailed in this cata-
log) are built around the new 3450A
Multi-Fuaction Meter, 2014 systems also
measure dc, 2¢ and resistance inputs, but
can additionally measure d¢, ac and re-
sistance ratios.

2012 systems (pages 126, 127) are de-
signed principally for applications requir-
ing the ability to measure millivolt-level
de signals at higher speeds than the 2010,
2014 systems—up to 40 channels/second.
2012 systems are furnished with either
the 2911 Crossbas Scanner or 2912 Reed
Scanner, and cah measure 2¢ voltage, re-
sistance and frequency inputs as well as
dc voltages.

Low speed 2300 Series Data Acquisi-
tion subsystems (pages 128, 129) com-
bine with a Hewlett-Packard digical
computer. The 2402A or 3450A Digiral
Voltmeter and 2911 or 2912A Scanger
form “front ends’ for any one of the

DIGITAL DATA
ACQUISITION SYSTEMS

three compurters detailed on pages 104-
109. The computer provides total control
of all system operating functions, in real
time, along with on-lin¢ computation of
data taken from one or a number of
channels. A unique ‘executive’ software
progeam affords the user direct control
of the system through a keyboard. Un-
like many other computerized data acqui-
sition systems, the 2018 allows easy ex-
pansion or reconfiguration, because the
software is modular as well as the hard-
ware,

High-speed 2300 Series Data Acquisi-
tion subsystems (pages 128, 129) are
similarly composed from standard com-
ponents, such the HP 5610A A-D Con-
verter {pages 122) or HP 1256A A-D
Convertesr (page 119), Because of the
very high data rartes involved, a Hewlett-
Packacd computer is used to provide high
speed core memory storage, backed up by
disc or (digital) magnetic tape bulk
storage.

Digital data system elements

Elements making up a digital system
may include all or some of those shown
in Figure 1. Essential functional opera-
tions within a digital system include
handling analog signals, making the mea-
surement, handliog digital data, and in-
ternal programming and control, The
function of each of the system modules
illustrated is:

Transducer. Translates physiczl param-
eters to electrical signals acceptable by the
data acquisition system. Typical param-
eters include temperature, pressure, accel-
eration, weight, displacement and veloc-
ity. Electrical quantities such as voltage,
frequency or resistance also may be mea-
sured directly.

Signal Conditioner. Performs comple-
mentary functions for transducers, such
as reference junction for thermocouples,
or excitation, balancing and calibration
for strain gages.

Scanner. Accepts multiple analog inputs
and sequentially connects the signals o
one measuring instrument. Inputs may be
in the form of millivole or high level dc
or ac voltage, resistance, frequency,
period, time interval or events occurring
in a specified time interval.

Signal Converter. Translates the analog
signal to a form acceptable by the analog-
to-digital converter. Examples are con-
version of ac voltage or resistance inputs
to dc voltage equivalents.



Signal Signal Analog:to- Digital
Transducer | | congitioner [~ Scanner ol 8N Lol Digital  —{Coupler (1 p. e
L Converter

System Control
and
Data Manipulation

Figure 1.

Analog-to-Digital Converter. Converts the
anzlog signal to its equivalent digital
form, for direct printout or recording for
subsequent processing. A visual display
may be included for operator conveni-
ence.

Coupler. Receives digital information
from the analog-to-digital converter and
translates it to the proper form for entry
into a digital recorder. This conversion
function can be perfocmed by 2 coupling
instrument or by a computer. The capa-
bility to record manually-entered infor-
mation and time-of-day along with the
acquired data may also be provided by
the coupler (or computer).

Recorder. Records digital information on
punched cards, perforated paper tape,
magnetic tape, continuous printed paper
strips, typewritten pages or combipations
of these media.

System Caontrol and Data Manipulation.
Selects system functions such as channels
to be measured, type of measurement,
comparison limits, etc. Can be performed
by a hardware (e.g. pinboard or punched
tape) programmer, or by a digital com-
puter. System operation can be corselated
with time-of-day by a digital clock, or by
the computer, The computer offers un-

limited flexibility of system control, but
at higher cost.

Data manipulation covers measure-
ment comparison against preset limits,
and computation ranging from simple
scaling or normalizing to solving of equa-
tions such as strain gage rosertes. A com-
parator may be used if only hi/go/lo
comparison capability is required, bur if
computation is involved a computer
should be used, its versatility outclassing
the limited capabilities of lower-cost,
hard-wited instruments for data manipu-
lation.

Input noise

Data acquisition systems are fre-
quently used to measure signals contami-
nated with noise arising from various
causes, all of which end up as periodic
or random disturbances on the real sig-
nal.

The most obvious noise sources are
electcomagnetic or electrostatic pickup on
the signal jeads (referred to as normal
mode noise), While this can to some ex-
tent by alleviated by shielding of leads.
two principal techniques are employed
in analog-to-digital coaverters o reduce
the effects of superimposed noise: filter-
ing and active integration.

Filters are effective, but have the seri-
ous disadvantage that systern speed fs
slowed considerably—typically down to
1 channel per second or less. Integration,
as employed in HP digital voltmeters,
completely eliminates noise at power line
related frequencies (the usual source of
ripple) and provides rejection equivalent
to that of a filter at other frequencies.
And—integration doesn’t slow down the
system.

Another source of noise, especially prev:
alent in transducer systems, is common
mode noise, which {s noise appearing at
the digitizer input terminals as 2 result
of circulating ground currents between
the system and signal source ground
points. This effect can be so severe that
a signal of a few millivolts, such as from
a thermocouple, may be totally obscured
by 2 common mode input of several volis.
The problem is insidious because the user
never knows to what extent it is present.

Using 2 heavy ground buss or shield
usually will not reduce common mode
pickup appreciably and may even increase
it, due to magnetic pickup from the
ground loop formed. A conventional
floating input can reduce common mode
noise, but s limited in effectiveness by
the capacjtance between the measuring
cireuit and chassis (Figure 2a),

There are two methods to circumvent
common mode noise: use of a differential
input and guarding. A differential {nput
is used, for example, in the 2212A Volt-
age-to-Frequency Cooverter and 2470A
Data Amplifier. Guarding is used in all
the HP integrating digital voltmeters. Tt
consists of a guard shield which com-
pletely isolates the voltmeter measuring
circuit from the chassis, breaking the
common mode ground Joop (Figure 2b).

Guarding provides an absolute solution
to the problem of common mode pickup
from grounded signal sources. This is
especially valuable in systems applica-
tions where the alteraative solution, float-
ing the signal sources, would be extremely
troublesome.
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Input scanners

2912A Reed Scanner, a high-speed, multi-function scan-
ner, Transfers guarded 3-wire inputs at speeds to 40 channels
per second. Interchangeable modules plug into the main-
frame:

10 channels of low level dc with the 29021 A

10 channels of high level dc and ac with the 2922A

9 channels of frequency with the 2923A

~ ~

W R

' “ P

2911A,B.C,

DATA SYSTEM ELEMENTS

Instrumentation for system benefit

Up to four modutes can be installed; further input expan-
sion is through 2920A Scanner Extenders which hold up to
10 modules each. As many as 10 extendecs can be controlled
by a 29124, for 1000 channel scanning capacity.

Iategeity of millivolt level signals, such as those from
strain gage bridges or theomocouples, is preserved through
the scanner.

System programming capability is g built-in feature of the
2912A. Diode pinboards, conveniently located behind the
front panel, provide easy control of al] DVM functions. Ad-
ditionatly, channels may be individually selected for mea-
surement or skip-over by front panel switch selection. Groups
of 10 channels may be handled in the same manner. Upper/
lower scan limies select the first and last channel address, and
operating modes include single and continuous scan, manual
scan and signal chanoel monitor.

Optional interface for H-P digital computer is available
to provide the greatest amount of scanner flexibility. Panel
height of 2912A or 2920A 514” (113 mm). Prices: 2912A
Scanner, $3500; 2921A Low-Level DC Module, $600;
2922A DC-AC Module, $600; 2923 A Frequency Module,
$600; 2920A Extender, 31500.

2911 Guarded Crossbar Scannec offers user choice of 600
1-wire, 300 2-wire, 200 3-wire, or 100 G-wice inputs. Permits
guarded 2-wize voltage or 4-wire resistance measucements.
Lower and upper scan limits selectable at front panel, with
random access to any channel. Channel being monitored is
indicated by in-line visual display and 4-2”-2-1 BCD (op-
tionally 8-4-2-1) output. Roller-mounted switch withdraws
from sear foc easy cabling. Maximum scanning rate is 30
channels/second. Interface for HP computers available,
Panet height 14” (355 mm). Price 2911, $5100.

2901 A Input Scanner/Programmer as used in the 2010
scries, scans 25 3-wire inputs and programs all functions of
associated system. May be expanded to 100 channels with
2902 Slave Units, Easy system set-up with individual quick-
release input connectors and pushbutton selection of chan-
nels to be scanned. System functions and measurement delay
are programmed individually for each channel with built-in
pinboard. Maximum scanning rate is 12 channels/second.
Panel height 7”7 (177 m). Prices: 2901 A Master, $2375;
2902 Siaves (25 chaanels each), $1975.

Signal converters

2410B AC/Ohms Converter (page 246) is used in con-
junction with 2401C Digital Voltmeter for measurement of ac
voltages and resistances. Converter featuces floated, guarded
input compatible with the voltmeter. Combined common
mode rejection is 110 dB at 60 Hz. 2410B is fully program-
mable for systems use. Converter function and range infor-
mation included in voltmetec display and recording outputs.
Panel height 7”7 (177 mm). Price: HP 2410B, $2350.

2411 A Guarded Data Amplifiec (page 246). This floated
and guarded amplifier provides the 2401C Integrating Digi-
tal Voltmeter with a full-scale input of 210 mV, overrang-
ing to =30 mV. Ideal for measurements of thermocouples,
strain gage bridges and other low-level signal soucces. Input



impedance is greater than 10'° ohms, Combined common
mode rejection with 2401C is 134 dB. 2411A features very
Jow noise and zero drift, short settling time for fast data
sampling. Panel height 314" (88 mm). Price: HP 24114,
81250.

Analog-to-digital converters

2401C Integrating Digital Voltmeter (page 246). Fea-
tures floated and guarded input and is average-reading, yield-
ing an effective common mode noise rejection better than
140 dB at all frequencies, including dc. All operating func-
tions may be controlled manually or by external contact
closures to ground, enabling it to be used on the bench or
in systems. BCD outputs provided. Panel height 77 (177
mm). Price: 2401 C, $4100.

2402A Integrating Digital Voltmeter (page 244) com-
bines 40 samples per second measuring speed with S digit
resolution. Get low-leve] measurements without preampli-
fication. Common mode noise rejection >120 dB is pro-
vided by guacding and integration. Optional plug-in circuit
cards for ac, resistance and frequency measutements yield
a multimeter useful for both bench and system applications.
Panel height 514” (133 mm). Price: 2402A, $4800.

3450A Digital Multi-Function Meter (page 241} is basi-
cally a fve-digit intergrating DVM with five dc voltage
ranges from 100 mV to 1000 V. Guarding and integration
provide 140 dB CMR at dc, 120 dB at 60 Hz, at speeds to
15 measurements per second. Isolated four terminal de volt-
age ratic measurements are standard; options expand instru-
ment to ac and ac ratio (true tms response), ohms and ohms
ratio, hi-go-lo comparison on all functions including ratios.
Panel height 314" (88 mm). Price from §3150.

5601A High-Speed A to D Converter (page 122) for
measurements at rates to 100 kHz of signals to =1 V full
scale (opuonally 2.5 V, =10 V). Used in data systems
employing 2 digital computer. Resolution is 9 bits plus sign
and aperture time with sample and hold is 50 ns. Multiplexer
capability available for 1, 8 or 16 channels with 100 kHz
throughout rate. Panel height 514" (133 mm). Price: §2000.

12564 A High-Speed A to D Converter is a plug-in circuit
card for use with HP 2116B, 2115A and 2114A Digital
Computers. Makes 10 V or 1 V (switch selectable) full
scale single-ended measurements at rates to 50 kHz. Resolu-
tion is 9 bits plus sign, and aperture time is 17.6 us with
2116B, 22 ps with 2115A or 2114A, Price, 12564 A, $1100.

Auxiliary equipment, programmers

2539A Digital Comparator compares BCD information
against single or dual preset limits, providing Hi/Go,/Lo
lamp indications and electrical outputs, Comparisons take
<3 ms. Instrument can be operated either manually or by
external signals. The 2539A provides for 12 different com-
parison conditions, handles any combination of limit rela-
tive magnitudes and signs likely to be encountered in practi-
cal measurement situations, All solid state, features data
storage for fast system operation. Panel height 3147 (88
mm). Price: 2539A, 82650 for 6-digit comparison plus
sign.

3450A

5610A
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DATA SYSTEM ELEMENTS coutinued

Instrumentatton for system teneflt

2114A

2115A

2116A

2911C Programmer operates with the 2911 Guarded
Crossbar Scanner, 1t offers a convenient means of storing
and selecting, by channel groups, the system measurement
fuaction (e.g., ac/dc voltage, resistance, frequency) and
DVM range, and also enables channels to be skipped in-
dividually. Programming is accomplished by inserting diode
pins into internal program boatds which are easily accessible
from the front panel while the instrument is installed in
position. 2911C is all solid-state. Panel height 544" (133
mm). Price: HP 2911C, $3725,

2560A Programmer reads instructions punched on paperc
tape and goverans all aspects of system operation. Programmer
selects measurement functions, scanner input channel on
a specific channel or group-channel basis, and controls
data recording. Also programs system comparator and
governs data recording in accordance with comparison re-
sult. Operacion of the entire system can be changed simply
by changing programming tape. 2560A is all solid-state.
Panel height 514" (133 mm), tape reader, 7”7 (177 mm).
Price: 25604, $4270 including 2737 A tape reader.

21144, 21154 or 2116B Digital Computers (page 104)
provide methods for flexible, sophisticated system control.
Timing and sequencing of the input scanner, measuring and
cecording functions is controlled by the computer, It can also
perform limit comparison, code conversion and output for-
matting otherwise accomplished by separate instruments.
Data manipulation such as solving multiple vaciable equa-
tions on stored data oc measuced inputs fcom one or more
channels is easy when the system includes one of these de-
vices.

In high speed system applications, the computer serves
additionally as a data buffer storage unit to permit accumu-
lation of data at rates beyond that of the fastest recording
devices. Convenience of operation and system programming
and input/output flexibility are paramount in the desiga of
these system elements. Price: 2114A with 4096 word
memory, $9950; 2115A with 4096 wocd memory, $14,500;
2116B with 8192 wocd memory, $24,000.

Output coupler, recorders

2547 A Coupler operates with a variety of input and output
devices. As a data acquisition system element, it translates
BCD information from 2 digital voltmeter into the correct
code and format for the following digital recocders.

Kennedy 1406 or 1506 Incremental Magnetic Tape Trans-
port. Recocds on 1/ inch mag tape, IBM compatible format at
500 characters per second, 200 or 556 BPI density.

HP 2753A Tape Punch. Records on 1 inch paper tape in
IBM 8&-level code at 120 chacacters per second.

HP 2752A and 2754A Teleprinter (modified ASR-33,
ASR-35). Records on typewriter and punches tape in ASCII
at 10 charactess pes second.

Typewriter (modified IBM Model B). Records at 10 char-
acters per second.

Flexowriter (modified Friden model 2303). Recocds on
typewriter and punches tape in IBM 8-level code at 12 char-
acters per second.



Card Punch. Junction panel with shoe connector provided
to drive IBM 526 Summasy punch, in Hollerith code at 17
charactecs per second.

Interchangeable circuit card construction makes it possible
to change output recorders in minutes. Plug-in versatility also
applies to interconnection with input devices.

When used in data systems, the 2547 A can optionally be
equipped to provide input scanoer channel identification data
to the recorders. A thumbwheel-switch panel for manual
entry of numercical data may be installed in the instrument
front panel. A digital clock may be similarly installed to pro-
vide visual display and electrical recording outputs. Time is
recorded in response to an input scannec command or on
manual command.

Digital scanners

Aside from date acquisition applications, the 2547A
Coupler can be used to scan data output from up to six digital
measuring instroments such as electronic countecs, digital
voltmeters, nuclear scalers and quartz thermometers. Input
devices can be of mixed types providing they have similar
output coding ang votlage swings. Up to 10 charactecs per
instcument can be processed.

Since data inputs to the coupler are through individual
plug-in printed circuit cards, system expansion is easy. Cables
to the input sources plug into the front of the coupler and are
accessible even when the coupler is rack mounted. Scanning
priority is determined by the location of the circuit card
within the coupler,

Scanning of data soucces is automatic. Data from free-
reaning ot externally triggered instruments is recorded at
random as it becomes available. Panel height 1014, (266
mm.) Price: 2547 A Magnetic Tape output, 88125 to $9472;
2547A Punched Tape output, $5675; 2547A Telepcinter out-
put, $4150 to $6850; 2547A Typewriter output, $4900;
2547 A Flexowriter output, $8125; 2547 A Card punch com-
patible, $3600; Manual data input, $1000; Digital clock
$1500 to $2100.

2515A Digital Scanner transmits digital data from mul-
tiple digital measuring instruments to a single recording
device at a transfer rate up to 10 sources per ms, The 2515A
provides for scanning, in programmable sequence, of elec-
tronic counters, nuclear scalers, digital voltmeters or complete
digital systems. It couples their outputs into a single tecord-
ing device such as & digital recorder, card or tape punch or
magnetic tape recorder.

The basic 2515 A accepts up to 12 digits of BCD data (10
data digits, 2 source [D digits) from up to 3 sources. Modi-
fications expand this to 6 sources. By bussing scanner output
lines, data from more soucces can be transferred to a
single recorder. The 2515A interrogates all selected data
sources in programmed sequence and transmits this data di-
rectly to recorder by solid-state switch. It accommodates a
variety of input levels and provides uniform input to re-
corder. Panel height 514" (133 mm). Price 2515A, $4475.
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5610A

Analog-to-digital converter Model 5610A

The Model 5610A Analog-to-Digital Converter is a gen-
eral purpose ADC that offers the following features: 100
kHz throughput rate for a 10-bit word (including sign); a
sample-and-hold amplifer that provides an extremely short
(50 nanosecond) aperture time; a 1, 8 or 16-channel ca-
pacity; a choice of input levels (the standard 21 volt level
for full scale at 100 megohms input impedance or the op-
tional =#=2.5 or =10 volt levels for full scale at 25 K ohms
input impedance) and either sequential or random access.

The Mode) 5610A can operate in an internally sequenced
mode, an exteenally sequenced mode, or a random access
mode, either with or without an encode command required.
The encode command is requested and the operating modes
are determined by a seven-bit command word from the as-
sociated computer, The converter samples the analog signal
on each of the input channels and converts it to 2 binacy
aumber to be read into computer memory. After a channel
is sampled in the internal sequencing mode, the converter
automatically samples the next channel. The external se-
quencing mode petmits one channel to be sampled as many
times as desired; the converter only transfers to the next
channel when an "external sequence pulse” is provided. For
cither mode, the converter can be wired on site to recycle
after any number of channels. The random access mode
allows any channel to be sampled by supplying the appropri-
ate channel number in binary code as part of the command
word. In any mode, an encode commaad is required for each
conversion upless the command word specifies a free running
condition. If free running is specified, a conversion is made
every 10 microseconds with no requirement for an encode
command,

Digital outputs include the ten data bits, four bits for
channel identification, a flag bit that specifies when the data
is ready, and one Jine with clock pulses from the internal
8 MHz clock.

When the 5610A is used with any Hewlett-Packard com-
puter, an intecface kit is available, consisting of the interface
printed circuit card and cable, as well as a Basic Control
System (BCS) driver program and a test program. The
BCS dsiver makes it easy to program the 5610A in FOR-
TRAN or ALGOL. The test program provides an easy,
efficient means to check out the performance of the converter.
An extremely accurate interna) calibration voltage facilitates
cither manual or avtornatic checking of converter electrical
accuracy.

Specifications
Input
Input range: =1 V full scale (£2.5 V or =10 V optional).
Resolutlon: 9 bits plus sign.

Accuracy: for calibration at 25°C; =275 mV. 10 10 40°C. worst
case.

£ DATA ACQUISITION

High speed, general purpose ADC
Model 5610A

Crosstalk with 16-channel multipfexer: —80 dB at 1000 Hz.

Aperture time: instrument aperture time is less than 50 nano-
seconds,

Input impedance: 10 megohms standard (25 K ohms on £ 2.5
V or %10 V range, optional).

Channel capacity: 1, 8, or 16 channels.

Maximum Input voltage: 5 times full scale, =5 V with =1V
full scale, =50 V with *=10 V full scale,

Logle Interface

Levels: logic levels are Transistor-Transistor Logic. A binary "1™
is +24 Vto +350 V. A binary "0" i 0.0 V to T04 V.,

Output drive capability: A "1™ outpuc can supply up to 400
ua and remains above 2,4 V. A 0" output ¢an sink up w0 16
ma and remains below 0.4 V.,

Commands

Encode: a transition from 1" to 0" is required. This starts
the internal clock and initiates sample and hold. Sampling be-
gins 2,0 usec after the encode is received. Hold occurs 3.0
usec after encode.

Command word: the command word is 7 bits long. Bits 0, t, 2
and 3 are the random access address. Bit 4 is random access
enable. Bit 5 is free run enable. And bit 6 is internal or ex-
ternal sequence enable. The External Sequence pulse line is
not part of the command word.

Operating modes:

Encode
Funotion Command word Required
Bit number 6 543 210
Randem Access Y 00X XXX Yas
{nternal Sequence 1 0y YYy Yes
Free run, int. seq® ] 1Y YYy No
External sequence 0 0ly vYyy Yes
Free run, ext. seq 0 11Y YYY No
Free run, random access A 10X XXX No

Whete X XXX-Selects tha desired channel,
Y-Indicates the bit doesn'l matter.
*Note that this Is the case for no connection also.
Outputs

Data outputs: 10 parallel lines at logic interface. Negative num-
bers are represented by the binary two's complement of the
positive number.

Flag or data ready: a transition from 0" to "1 is provided.
(A1 100" is a hard-wired option.) The flag is automatically
cleared in free run mode 2nd is otherwise cleared by the encode
command.

Channel ID: 4 parallel lines at logic interface.

Clock standard: 8.000 MHz =0.006 percent, 0-55°C. Clock
standard is capable of delivering 1.2 ma at >2.4 V and sink-
ing 48 ma at <04 V.

General

Internal calibratlon: A—.998 V =.2 mV at 25°C internal cali-
bration is provided. TC is =% aV/ C. Provision is made for
internally connecting two input channels to the zero and <al
signals for calibration under computer command.

Operating temperature range: 0-55°C.

Slze: Hewlett-Packard full moduie, s145” high, 1114 ” deep. 1634”
wide (135 x 290 x 432 mm).

Welght: Approximately 16 pounds (7,3 kg).

Pawer: 115/230 V %10 percent, 50/60 Hz, 90 wacts.

Connectors: two 36-pin rear panel printed circuit connectors are
used—one for analog input and one for digital input/outpus,

Price: HP Mode! 5610A A o D Converter including power cable
and two mating connectors for analog input and digital input/
output cables. $2000.

Option 01: Multiplexer sequencer, required when using one or
any combination of two of the following options, $300.
Option 02: Eight channels of ®1 volt full scale inpuz, $200.
Option 03: Eight channels of =2.5 vol¢ full scale input, $300.
Option 04: Eight channels of =10 volt full scale input, $300.

Model 12600A: Interface Kit consists of an interface card, in-

terconnecting cable, BCS Driver and Test program, $1000,



LOGIC MODULE TEST SYSTEM
Model 2060A

The HP 2060A Digita] Logic Module Test System is a
computer-controlled automatic system engineered to be easy
to put to wosk and efficient to use. The fast test capabilities
of this system will help you to: cut test costs, break produc-
tion test bottlenecks and improve product reliability.

The system employs a comparison technique in which the
responses of ‘test’ modules are checked against responses of
a known-good ‘refecence’ module. The same test inputs are
applied to both modules in a programmed sequence, and
responses at all module pins are compared simultaneously,
at rates to 10,000 tests per second. As shown in the block
diagram, the system controller is the HP 2116B Digital Com-
puter, (page 104}, with driver—comparator registers form-
ing the heart of the systern. The output signals from the
two modules are tested to see if there is an error that is out-
side the programmable tolerance of the comparator. Results,
based on success or failure of comparison on a pin-by-pin,
test-by-test basis, are logged by the system on a teleprinter
for reporting of module faults. The comparison technique
does not require test responses to be specified in the test pro-
gram—a significant shortening of test programming time.

Test conditions are program specified. High and low logic
levels, positive and negative current limits, and test tolerances
are generated according to test program instructions. Thus,
the 2060A System can test a wide variety of logic circuits
without special adaptation. The system can be equipped to
generate up to fouc separate sets of test conditions simul-
taneously, for testing different types of logic (DTL, CTL,
TTL, RTL, ECL, etc.) on the same module.

The system operates in accordance with programming in-
structions written in 2 new, test-oriented software language
—AuTest—, which takes advantage of the benefits of com-
pacison testing. The language minimizes the time spent
learnjng programming, and maximizes the namber and scope
of tests performed. These featuces result in savings to the
user in startup and operation costs, and minimum disruption
of the users aormal production line functions.

AuTest speaks the language of digital design engineers
and technicians. Less than one day of instruction is neces-
sary to learn the statements needed to write usable test pro-
ceduzes. To effectively program the system, the programmer
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does not have to know the function of the board for which
he is writing a program; he only need be familiar with the
functions of digital logic.

Actual time spent programming is a function of the com-
plexity of the module to be tested. With experience, even
the most complex modules can be programmed in a couple
of days time.

The language is powerful. Permute statements permit a
few program statements to produce thousands of individual
tests, a powerful multiplication of the programmecs time.

The 2060A is capable of two modes of operation. A ‘tun’
mode is used for quickly sorting modules on a production
run basis. Each module to be tested is plugged into a test
fixture, and the system is commanded on the Telepcinter to
run the test. At the end of each test, the system prints out
the module defects, detailed down to the connector pins
which represent the faulty circuit. At this point, the system
can be used in a ‘conversational' mode to help debug module
faults. The operator can modify test conditions, specify ad-
ditional tests, and set up special sequences to provide repeti-
tive waveforms for oscilloscope display.

The 2060A system is flexible. In its minimum configura-
tion, it tests up to 16 module connector pins; it can be easily
expanded to 256 pin capacity in 8-pin inctements for check-
out of the most complex modules. Intecchangeable plug-in
module test fixtures and fast read-in of test programs con-
vert the system easily and rapidly to changing module con-
figurations, making it economical to test small batches of
modules.
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DATA ACQUISITION w

2010 Data Acquisition Systems measure multiple analog
inputs 2nd display and record the measurement results. A
wide choice of output recorders is offered. For direct read-
ing, a peintout on paper tape or typed page is available. Data
to be entered into a computer may be recocded on punched
tape, punched cards, or digital magnetic tape.

Typical inputs are dec and ac voltages, frequencies, re-
sistances and physical parameters that are convertible by
transducers to these analog forms.

Optional additions to the system allow measurements to
be compared against preset upper and lower limits; time-of-
day correlation of data recordings and timed tciggering of
system operation; and manual entry of run identification or
other numerical information with systems recording on mag-
netic tape, punched tape, punched cards, or typewritten page.

The digital techaiques achieve high measurement resolu-
tion and accuracy, high samplicg speeds, and the ability to
transfer the measurement results easily to 2 wide variety of
digital recording devices. In particular, the BHP 2010 series
of data acquisition systems utilize the HP 2401C Integrating
Digital Voltmeter (page 246) as the A to D Converter.
This instcument features a floated and guarded input, per-
mitting accurate low-level measurement in the presence
of severe common mode noise—a frequent problem with
grounded transducers.

Noise rejectlon. A high degree of noise rejection is pro-
vided through two features of the HP 2401C Incegrating
DVM. First, the voltmeter is average-reading, thereby greatly
reducing the effects of noise superimposed on the signal.
Second, errors due to common mode pickup (ground loop

4 N
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DATA ACQUISITION SYSTEMS

Accurate measurement of many noisy signals
Models 2010K, 2010L

currents, usually at power line frequencies) are reduced to
negligible proportions by guarding. The guard completely
isolates the HP 2401C measurement circuit from the chassis,
breaking the common mode loop. The guard connection is
carried through the input scanner to the signal source.

Averaging and guarding together provide an effective
common mode sejection of 105 dB minimum for any noise
frequency. In practical terms, 1 volt of common mode noise
at any frequency will cause less than 6 microvolts error in
reading. The system may be used in electrically noisy en-
vironments, with no restrictions in regard to grounding of
the signal sources.

Input scanning: The system uses a 2901 A Input Scanner/
Programmer (page 118) to accommodate up to 25 signal
soucces. Input capacity can be increased at any time to 50,
75 ot 100 channels by adding slave scanners.

Each input channel consists of a floated signal pair and
shield: Individual quick-release connectors are provided for
each input channel. Since the voltage measurement circut
is floated, data sources at potentials up to 500 V with respect
to groung can be connected. Input channels are preselected
for measutement by front panel pushbutton switches, indi-
vidually numbered for each channel. A digital display
indicates the channel number being monitored.

System programming. The systems include the capability
to select the appropriate type of measurement, sample period,
and settling delay for each channel. Programming is accom-
plished by inserting diode pins in 2 pinboard within the
scanner. The scanner front panel swings down for con-
venient access to the program board.

Output recording. Six types of output recorders are avail-
able. The HP 2010K outputs only on printed paper tape.
The HP 2010L outputs on either typed log, punched cards,
punched tape, and magnetic tape. All of the 2010L systems
are optionally capable of recording on priated paper tape
as well as their principal medium.

Systerns aptians. The HP 2010K and 2010L Data Acquisi-
tion Systems measure and record multiple input signals which
may be low or high level dc voltages and frequencies. AC
voltages and resistances may be measured with optional addi-
tions to the basic system.

Measurement results can optionally be compared digitally
against a 6 digit preset limit to obtain 2 HI, =, or LO out-
put, or against a pair of limits to obtain a HI, GO, or LO
output. This is accomplished by an HP 2539A Digital Com-
parator (page 119). The comparison result s signalled by
front panel lamps, and is included in the data recording.
The comparator includes a contact closure output for opera-
tion of external warning circuits.

Manual data entry is available in 2010L systems. This
option consists of 12 thumbwhee) switches on the 2547A
Coupler (page 120). Manual data may be recorded under
pushbutton control, or automatically at the start of each scan.
In 20101 systems, an optional digital clock can be installed
in the 2547A Coupler; time-of -day is recorded automatically
at the start of each scan.



Specifications, 2010 series

DC voitage measurernents

Nolse rejection:

Overall effective common mode rejection (ratio of common
mode signal to its effect on readings): 105 dB at all fre.
quencies, 100 dB at d¢; (0.1 sec sample period); amplifier
option reduces CMR by less than 6 dB.

Common mode rejection (ratio between common mode signal
and voltage it superimposes on source): 85 dB at 60 Hz,
100 dB at dc with 1000 ohms between ground 2nd low side
of inpuc (resistances up to 10 k).

Superimposed noise rejection (ratio of superimposed noise
to its effect on readings): Combined amplitude of signal
and superimposed noise can equal =3 times full scale for
any signal amplitude.

Voltage ranges: five ranges from 0.1 V to 1000 V full scale;
polarity sensed and indicated automatically; amplifier (option)
provides 10 mV full scale; auto-ranging available.

Overranging: to 3009 of full scale except on 1000 V range;
input actenuaror switched to 1000 V range if overload exceeds
310%.

Input impedance: 10° ohms on 10, 100, 1000 V ranges; 1
megobm on 1 V range; 100 k on 0.1 V range; 10° ohms with
amplifier option for inputs up to 3 V.

Resolution: depends on sample period, maximum of 0.1 aV.

Sample periods: 0.01, 0.1 and 1 sec.

Internal calibration standard: provided for self-calibration;
voltage reference is derived from 2 specially aged and stabilized
reference diode; can be used 10 maintain specified accuracy for
6 months.

Absolute accuracy: (specifications hold for =109 line vollage
variation and 6 moaths operation, assuming daily calibration
agzinst internal standard).

Basic accuracy: =0.01% reading =0.01 full scale =1 count
(0.1 V range): £0.01% reading £0.0059% full scale =1
count (1/10/100/1000 V range).

Temperature effect: =0.0015% reading per °C, 10 © 50°C,
when calibrated against internal standard at operating tempera-
ture; *£0,002% teading =0.0005% full scale per °C (0.1 V
range); £0,002% reading £0.0002% full scale per °C (1/
10/100,/1000 V ranges), when not calibrated ar operating tem-
perature, over range 10 to 50°C.,

Frequency measurements

Range: 5 Hz to 300 kHz.

Resolution: for 1, 0.1, 0.01 sec sample periods, has 1 Hz, 10 Hz,
100 H2 resolution respectively.

Accuracy. =1 count £ time base stability (2 PPM per week)
over 20° to 30°C temperature range, %100 ppm over 10° to
50°C.

[nput amplitude range: 0.1 to 100 V rms.

Input dynamic range: 100:1 at any attenuator setting.

Impedance: 10° ohms shunted by 1000 pF. Each slave scanner
adds 250 pF.

Perlod measurements (optlanatl)

Range: 5 Hz to 10 kHaz.

Resolution: for 100, 10 and ) peciods averaged, has 1 asec,
10 psec and 100 usec resolution respectively.

Input: same as frequency measurements.

Accuracy: £1 count = time base stability == trigger error divided
by number of periods averaged.

Trigger error: 0.39% maximum for 0.1 V rms sine wave with
40 dB signel-to-noise ratio, decreasing with increasing signal
amplitude and frequency.

AC voltage measurements (optional)

Noise rejection:

Comon mode rejection: 75 dB at 60 Hz; decreasing 6 dB
per octave for aoise frequencies above 60 Hz, with 1000
ohms between ground point of source and {ow side of system
input.

Voltage ranges: 0.1, 1, 10, 100, 1000 V full scale; maximum
inpu¢, 750 V peak, 530 V rms.

Frequency range: 50 Hz to 100 kHz,

Input impedance: 10° ohms on all ranges, shunted by 1000 pF.

Accuracy: 50 Hz to 1 kHz £0.05% full scale £0.1% of read-
ing; 10 kHz +0.05% full scale £0.1% of reading. 100 kHz
*0.19% full scale £0.3% of reading. Temp. effect 0.02%/
°C maximum.

Response and ripple effects: normal response (frequencies
below 400 Hz) output settles to =0.2¢% of final value in
500 ms; fast response (frequencies above 400 Hz): outpuc
settles to £0.29% of final value in 200 ms.

Resistance measurements (optional)

Noise rejection: cesistance measurement ciccuit is guarded which
minimizes the effect of common mode noise on resistance mea-
surements whea guard is connected to 1ow side of test resistance

Ranges: six ranges from 0.1 k to 10 M chm full scale.

Overranging: to 3009% of full scale on all ranges except 10
megohr.

Resistance measurement accuracy: (specifications hold for
+109% line voltage change, 6 months operation, assume daily
calibration against iaternal standard).

RANGE | MEASUAEMENT | ACGURACY AT £6°C
CURRENT 70% RUMIDITY 96% WOMIDITY
= 5 rég -%h m%rdyg | =R
0.1k 10 mA 02 ! 02 S
Lk 1 mA 02 06 02 06
10k 100 pA 02 03
100 k 10 #A 02 T 1z |
1M | A 03 ol 10 04
w0 1uh a2 |

Temperature effect: .005% cdg = .001% fs, per °C difference of amblent
{rom 25°C.
Qutput recorder, system speed

2010K: H006-5050A Digital Recorder produces printed strip,
12-character word length 6.3 channel/second max. speed.
Price, $8980.

Note: The 2010L incorporates a 2547A Coupler (page 120)

which accepts any one of six fully-interchangeable output sets,

providing 2 selection of six recorders as follows:

2010L with magnetic tape output: drives a Kennedy 1406 or
1506 Incremental Magnetic Tape Recorder av 400 or 500 char-
acter per second rate; records on YA4” magnetic tape in 7
channel NRZI IBM.compatible format. System speed: 9 channels
per second. Price with 1406, $14,925.

2010t with high speed punched tape outpul: drives an HP
2753A Tape Punch at 120 characters per second; records on
1" paper @pe in 1BM 8.level code. System speed: 9 channels
per second. Price, §12,475.

2010L with Teleprinter output: drives an HP 27524 or 2754A
Teleprinter at 10 characters per second; records on 1” punched
paper tape in ASCII 8.-level code and on typewritten sheets.
System speed: 50 channels per minute. Price with 27524,
310,950.

2010L with etectric typewriter output: drives JBM Model B
Quepur Writer at 10 characters per second. System speed SO
channels per minute, Price, $11,700.

20108 with Flexowriter output: drives Friden Model 2393
Flexowriter; records on 1” paper tape in IBM 8-level code and
on typewritten sheets at 12 characters per second. System
speed: 1 channel per sec. Price, $14,925.

20100 with punched card output: drives TBM 526 Summary
Punch; records at 17 characiers per second on tab cards in
10-line output code with overpunching necessary to produce
special characters, System speed: 1.6 channels per second, Price,
excluding card punch, $10,400.

Simultaneous recording on a Hewlett-Packard H006-5050A Digi-
tal Recorder is available. Recording speed: up to 9 words/
second.

General
Display: 6-digit in-line readout; polarity, decimal point measure-
meat units, and overload; scanner accepts 25 channels standard:

expands to 50, 75 of 100; provides indication of channel being
monitored.
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? DATA ACQUISITION SYSTEMS
w Rapid, accurate measurement; output flexibility
2012 Series

DATA ACQUISITION

2012D

J

Application of the 2012 Data Acquisition Systems 1s similar
to that of the 2010 Seties discussed on page 124. Operations
performed by the systems include scanning of multiple inputs,
digitizing and measuring the signal with a 2402A Integraring
Digiral Voltmeter (page 244) and recording the output on a
wide variety of devices. Recording media includes magnetic or
punched paper tape, printed strip, typewritten sheet with or
without simultaneous punched tape, teleprinter and punched
card.

The 2402A IDVM provides floated and guarded input cir-
cuitry in combination with integration. It uses techniques which
permit measuring rates to 43 samples per second while provid-
ing noise rejection. The result is 2 system which can measure
low level signals rapidly and accurately—even in the presence
of lacge noise signals, without requiring preamplifier modules
or filters.

All DVM operating functions are programmable, and pro-
gramming does not affect the system’s excellent noise rejection
properties. An optional autoranger is available to relieve range
programming.

Input scanners

A choice of input scanners is available to match system speed
and number of input channels to user requitements. A 2911
Guarded Crossbar Scanner (page 118) is used in the 2012A
and B systems to measure large numbers of channels at speeds
to 18 channels per second. The 2012A Reed Scanner (page
118) normally measures fewer channels at higher speeds—to
40 channels per second.

Expanslon

Standard options permit system expansion from a basic dc¢
measuring system to one accepting ac voltage, resistance and
frequency—easily and economically. Circuit cards plug into
the integrating digital volimeter to 2dd measuring capability
without increasing system size or operating complexity. Noise
tejection is retained with these additions. Circuit cards may be
added by the user at any time without system modification.

Additional standard optional equipment includes digital hi-
go-lo comparison equipment, pinboard or paper tape system
programmers, digital clock and manual data entry. The latter
two devices plug into the 2547A Coupler (page 122) and

4 A

2012A

zdd to system capability without adding to size. The digital
clock provides visual display and electrical outputs for record-
ing time along with measured data. It also provides the capa-
bility to start the system data-gathering sequence at prede-
termined time intervals.



Specifications, 2012 Series
DC voitage measurements

Noise rejection: overall effective common mode rejection
(ratio of common mode signal to its effect on digital dis-
play): 20124, B: 120 dB at d¢, 110 dB for all €requencies
above 30 Hz; 2012C, D: 110 dB, dc¢ to 500 Hz. Common
mode rejection (ratio between common mode signal and
voltage it superimposes on source): 20124, B: 130 dB at
de, 104 dB at 60 Hz; 2012C, D: 110 dB at dc, 94 dB at 60
Hz, borh with 1000 ohms between ground and low side of
input. Superimposed noise rejection (ratio of superimposed
noise to its effect on display): >48 dB for 60 Hz noise
frequencies.

Valtage ranges: five ranges from 0.1 V to 1000 V full scale:
polarity indicated automatically, autoranging available.
Overranging: to 130% of full scale except on 1000 V range;

protected from overload if input exceeds 136%.

Input impedance: 10° chms =.19 on 100 V, 1000 V ranges;
10 ohms on .1 V, 1 V, 10 V ranges.

Resofution: 1 parr in 130,000 on &-digit display. 100 mV
range displays readings to 1 pV.

Internal calibration standard: provided for self-calibration
derived from a specially aged and stabilized reference
diode operating In a constant temperature oven, can be
used to maintain specified accuracy for 6 months.

Overa!l dc accuracy for 2012 Systems: (specifications hold
for =109 line voltage change and 6 months operation),

Range 160 mv © TV, 10V, 500 Vv, 1000 V
ACCURACY @ | 01% lds = (06% is or 0197 rdg =.003% fs or
(at 25 =1°C) 016 rdg in overrangs .013% rdg in overrenge

@ Accuracy Trom 0 to 30 mV is 4 xV =.0159%% rdg; above 30 mV,

accuracy is as stated above.

@ When 2402A is calibrated at other than 25 =1°C, add .0006% rdg

= 13001%!5 per °C difference from 25°C, For température change
)

after calibration, ses TEMPERATURE EFFECT below.
TEMP EFFECT Per °C change from calibrate temperature
15 to 40°C 0015% rdg =.0006% fs | .0015% rdg =.00015% s
‘158 to }}g"g or 002% rdg =.0006%% fs 002% rdg =,00015%; fs
to 50°

Frequency measurements (optional)

Range: 5 Hz to 199.999 kHz.

Resolution: 1 Hz.

Accuracy: =1 count = time base stability; time base aging
rate: 2 ppm per week over temperature range 20° to 30°C;
temperature effect, =100 ppm over 10° to 50°C range.

Input amplitude range: 2012 A, B: 0.1 to 100 V rms; 2012
C,D:05t070V rms.

Impedance: 2012 A, B: 10° ohms shunted by 230 pF; 2012
C, D: 10° ohms shunted by 230 pF with 9-chanael input,
plus 25 pF for each additional 9-channel module.

AC voltage measurements (optional)

Common mode rejection: 2012 A, B: 120 dB at d¢, 104 dB
at 60 Hz; 2012 C, D: 110 dB at d¢, 94 dB at 60 Hz, with

1000 ohms between low side of source and low side of
input.

Voltage ranges: 1, 10, 100, 1000 V max japut, 750 V peak.

Input Impedance: 909 x 10° ochms all ranges, 2012 A, B: 450
pF shunt; 2012 C, D: 390 pF shunt.

Resolution: 1 part in 130,000 on standard 6-digit display,
10 xV on 1V range.

AC accuracy

SIGNAL @ |50 Hr 100 Hr 10 XHx 30 kHt 106 kHx
FREQUENQY oy % (s | Zeog [T 18| Fedp | % s | Frdg [ % b | Zirdg % b
ACCURACY (@ | .09[.05] .06 |.03].06 .03 .09 |.05¢.14 .09
(at 25 =1°C
RIPPLE ERROR®D
TEMPERATURE
EFFECT '0)
{Per °C change in | .004| .003| .004 [.003|.004 | .003/.007 |.003|.013 |.003
ambiant from
25°C, over 10 to

3 -] - -1-]-1-1~1-

50°C range)

() Slraight llae interpolalion bolds for frequencies between points.

(@) Ooes nol Intlude .02% rdg maximum tesgonse ertor, applicable oaly to step (aput
(receévebd I(rom data system signal scanner); also sea response time and measurement
spead, below.

Ripple error decrosses 18 ¢8 ?er octave above 85 Hz, Is zero at 80 Hz because of
supenmposed nolse rejaction ot basic instrument.

(D) Assumes calibration of 24024 agains internal standard at 25°C smbienl. Callbration
of 24024 3l aperaling tamperalure decreases 7 rdg temperalure elfecl .0009%%.

Transient error: output settles to =0.02% of final value in
SO0 ms.

Resistance measurements (optional on 2012 A, B only)

Nolse rejection: resistance measurement circuit is guarded,
which minimizes the effect of common mode pickup on
resistance measurements when guard is connected to low
side of test resistance.

Ranges: five ranges from 10° to 10’ ohms full scale.

Overranglng: to 1309 of full scale; self protected against
up to S0 V applied across leads.

Resolution: 1 part in 130,000 on standard &-digit display,
0.0t ohm on 1 K ohm range.

Resistance measurement accuracy: (specifications hold for
=109 line voltage change, 6 months operation. Assume
dajly calibration against internal standard).

Measurement A“\l'aoy at 26°C

Range current T0% Humidity 85% Humldity

=Fvdg | =718 | = Frdg |=Rfs

1 kQ 1 mA .0} .01 .0) 01
10 kQ 1 mA .01 .02

100 k(2 100 uA .01 005 10 .005
1 MR 10 wA 02 1.0
10 Mo 1 uA 12 10.0

Temperature effect: .004% rdg =.002% f.s, per °C, ditferenca of ambjent with
respact ta 25°C over 10 to 50°C range
Generat
Dispfay: 6-digit in-line readout; polarity, decimal point mea-
surement units, and overload; scanner provides in-line
digital indication of channel being monitored.

20124 | 20128

201e¢ 20120

Number of Input

Guardad crossbar scanner; up to 200 3-wire inputs.
thannels

Also 100 6-wlre, 300 2-wite inputs.

Roed 1eanner; expands from 10 1o 1000 channals in 10 channel increments.
3.wire thaanels.

Pragramming
signal lypes and levels.

Plaboard or punchad tspe programmer may be added lo handle mixed

Self-programming pe(mits measurements of mixed types and levels of

signals.

Elfective commaen mode
rejection 126 dB 110 dB
Measurement speed 18 10 50 S0 1 14 20 40 10 50 50 1 1S
{max d¢ volls) than/sec | chan/sec | chan/sec | chan/mln | chan/min | chan/sec | chan/sec | chan/sec | chaa/sec | chan/sec | cnan/min | ¢chan/min | chan/sec | chan/sac
Quiput Digital | Magnetic | Punched |  Tels- Type- Punched | Digital | Magnetic | Punched | Tele~ Type- Flexo- | Punched

printec tape tape printer writer card printer tape tape prinles write( wriles cord
Price $12,240 | 518,350 | $15900 | $14,375 | $15,125 | $18,350 | $13.825 | §11.405 | $12,350 | §$14,900 | 813,375 | $14.125 | $17,35% | $12.82%

Dplons AC, Ohms, frequency measutement; time of day; manual data enlry; programmers. hmit compatisen, cabinet
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DATA AcCaUISITION

Computer-controlled systems for low and high speed data
acquisition, and for control of external equipment, may be con-
figured from the modules diagrammed below. One or more
analog subsystems can be comnbined with a high-speed digital
computer and appropriate input/output peripherals to suit the
specific measurement and control application,

The major benefits of computerized systems are:

a) Raw data is processed as it is taken, yielding meaningful
information on-the-spot. Besides shortening overall times
to complete projects, this immediacy of feedback allows
equipment set-ups to be changed if necessary during criti-
cal tests, while condjtions still prevail.

b) Total flexibility is provided in data gathering. Under com-
puter control, sampling rates for various inputs to the sys-
tem can be automatically adjusted to follow the rates at
which input values may change. Data from several sources
can be correlated and the sequence and nature of measure-
ments and computations changed accordingly, in the course
of a test.

¢) Much greater vessatility in data input/outputting is pos-
sible, Data can be entered, recorded and displayed con-
currently in many different forms.

For signal multiplexing and znalog-to-digital conversion, a
choice of three anzlog “front-end” subsystems are offered in
the low speed range—up to 40 channels per secand. Multi-
plexing is performed by a mechanical (crossbar switch or reed
relay) scannet, 2nd analog-to-digital conversion by 2n integrat-
ing-type gigital vokmeter. Models 2321A and 2322A accept
up to 200 inputs of dc/ac voltage, resistance and frequency.
Maximum sampling rate is 15 channels/second for dc inputs

COMPUTER SYSTEMS
For data acquisition and control
2300 series subsystems

(rates for other inputs are Jower). Channel capacity for Model
2323A is expansible from 10 to 1000 channels using 10-channel
plug-in modules. Sampling rate is 40 channels/second for dc
inputs. All thsee subsystems provide 5-digit resolution, averag-
ing of superimposed noise, and rejection of common mode noise
by guarding.

For measurement of dynamic parameters there ace five high-
speed analog subsystems to choose from, with multiplexed
sampling rates ranging to 100 kHz. Model 2310A consists of
a successive-approximation anz)og-to-digital converter (ADC)
available in 14-bit and 12-bit (including sign) versions, with
conversion rates of 19 kHz and 64 kHz respectively. Aperture
time is 50 nanoseconds. Model 2310B includes multiplexing
capability to 64 channels, in 8-channel jncrements. Throughput
rates are 18 kHz and 50 kHz, respectively, for the 14-bit and
12-bit versions. Model 2310C is 2 lower cost multiplexed ADC
offering 12-bit (including sign) resolution, 100 nanosecond
aperture, and 35 kHz throughput rate.

Moade) 2311A is a successive-approximation ADC with op-
tional 8-channel or 16-channel multiplexer. It is available with
*1 V full scale input, compared with =10 V for models
2310A/B/C above. Resolution is 10 bits (including sign), aper-
ture time is 100 nanoseconds, throughput rate 100 kHz. Mode!l
12564A s a single-channel, successive-approximation ADC con-
tained on one card that plugs into the computer I/0 system.
The 12564A provides 10-bit (including sign) resolution in a
conversion time of 17.6 or 22 microseconds, depending on the
model of computer with which it is used. Selectable sensitivity
is =1 Vor =10 V full scale. For precise timing of samples, 2
2718A Pacer may be used with these high-speed analog sub-
systems.

MULTIPLEXER/A-D CONVERTER DISPLAY AND PLOTING DATA (NPUL/OUTPUT
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Pecipherals for data input/output include low and high
speed paper tape readers and punches, 7- and 9-chaanel mag-
netic tape units, fast-access fixed-head disc memories and, in
addition to printout available from the teleprinter, there is a
20 lines/second strip peinter and 2 300 lines/minute line printer.
Graphical presentations may be obtained with 2 CRT display
and, for a permanent record, a drum type X.Y recorder. All
these devices are interfaced with the computer simply through
standard plug-in cards, installed either in the computer or an
optional 1/0 extender.

For intecfacing user-fucnished equipment, a dual 18-bit regis-
ter may be used for bidirectional data transfer. Two versions
are available, to mate with transistor and micro-ciccuit equip-
ment respectively. For control of external equipment, there is
a hard-contact 16-bit relay output register, Modular software
drivers for all these peripherals allow easy expansion or recon-
figuration of the software operating system; source programs
are not burdened with the minutiae of driving these peripherals.
Multilevel priority interrupt is staadard; service priorities are
changed simply by transposing the corresponding interface
cards,

Any one of the Hewlett-Packard digital computers—Model
21144, 2115A or 2116B (page 104) — may be used as a sys-
tem controller. Selection of the appropriate model will be based
on 1/0O capacity, memory size and speed capability (usually in
that order), with consideracion for probable future expansion,

The 2114A snd 2115B ate available with 4K or 8K internal
memory; c¢ycle time is 2 microseconds. The larger 2116B is
available with 8K or 16K memory, externally expandable to
32K; cycle time is 1.6 microseconds. Main frame /O capaci-
ties are: 8 channels for the 2114A, 2115A, and 16 channels
for the 2116B. A 32-channel extender can be used with the
2115A and 2116B. Plug-in options for the 2115A and 2116B
include an Extended Arithmetic Unit for high-speed multiply/
divide and long shift/rotate instructions—recommended for
applications involving substantial on-line computation, and Di-
rect Memory Access, required for high-speed data acquisition.

All are 16-bit machines, sharing the same word structure,
instruction repertoire and software. Assuming the equivalent
memory configuration and mainframe options are used, pro-
grams are interchangeable from one model to another.

System Software: The data acquisition process is completely
under computer control, along with data reduction, logging
and contro! of external equipmeot. Source programs to solve
given data acquisition problems may be written by the user in
standard ASA Basic FORTRAN, in which he controls instru-
ments through simple read/write statements. Convenient ex-
tensions to the standard language include free-field input, which
allows information to be entered via the keyboard or punched
tape without regard for character spacing or decimal posi.
tioning.

fn addition to the basic software for the computer (detailed
on page 104) a Data Acquisition Executive is available which
simplifies the preparation and checkout of source programs.
The Executive enables the operator to change signals to be
measured, frequency of sampling, computation constants, etc.,
by entering new values through the teleprinter keyboard, in-
stead of modifying and recompiling his original program.

For applications where maximum simplicity of programming
is desired, BASIC language is offered as an alternate to FOR-
TRAN. Drivers for many Hewlett-Packard measuring instru-
ments (including analog subsystems) and input/outpur peri-
pherals are available. (When oot available they can be fur.

- pogerem—
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2762A
TELEPAINTER
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COMPUTER
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23204
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Typical computer-controiled low:-speed
data acquisition system.

. J/

nished on a contract basis.) BASIC allows the user to exercise
his system in “‘conversational” mode, debugging and modify-
ing his program as he develops it. While BASIC js intrinsically
not a real time system, some control of system timing is af-
forded in Hewlett-Packard BASIC through a “wait” statement,
which zllows the user to specify delays between execution of
his instrument commands.

The full power of the computer-controlled system is realized
with the Hewletr-Packard Real Time Executive software sys-
tem——usable on the 2116B Computer with 16K core memory
and 3.2 megabit disc memory. The Real Time Executive permits
real time execution of core and disc resident programs concur-
rently with background programs stored on disc or punched
tape. Programs may be in real time FORTRAN or Assembly
language. Multipriority scheduling of all programs and disc
swapping of real-time programs make this an extremely flexible
system. Re-entrant library routines and I/O drivers add to
system efficiency.
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CALCULATORS

COMPUTING CALCULATOR

Scientific and engineering problem-solver
Model 9100A

9100A

J

Uses
Statistical and economic analysis
Coordinate geometry calculations
Solution of transcendental equations
Numerical integration
Vector 2nd complex arithmetic
Network analysis
Solution of differential equations

Description

The 9100A is a programmable, electronic calculator which
performs operations commonly encountered in scientific and
engineecing problems. Its log and trig functions are each per-
formed with a single key stroke, providing fast, convenient
solutions to intricate equations. Computer-like memory enables
the calculator to store instructions and constants for iterative
sofutions. The easily-readable cathode ray tube instantly dis-
plays entries, answers and, when desired, intermediate results.

Operations
Direct keyboard operations include

Arithmetic: addition, subtraction, muitiplication, division and
square-root.

Logarithmic: log x, In x and &~

Trigonometrie: sin x, cos x, tan x, sin”'x, cos’x and
tan”'x (covers all quadrants and any size angle in degrees
or radians).

Hyperbolic: sinh x, cosh x. tanh x, sinh™x, cosh™'x, and
tanh™x,

Coordinate transformation: polar-to-recrangular, recrangu-
lar-to-polar, cumulative addition and subtraction of vec-
tors.

Miscellaneaus: other single-key operations include taking
the absolute value of 2 number, extracting the integer
part of 2 number, and entering the value of = Keys are
also provided foc positioning and storage operations.

Decimal point
Selectable fixed-point or floating-potnt notation for display
of entries and answers.
Fixed-point display: typical display 1234.567890
Up to 10 significant digits with automatic decimal place-
ment and alignment.

Decimal wheel selects 0-9 decima) places, with automatic
rounding to the number of places selected.

Left overflow automatically forces display to floating-point
notation to allow completion of calculation with no loss
of information.

Floating-point display: typica} display
1.234 567 890 03

(interpreted as 1.2345678%0 x 10" or as 1234.567890.)

Dynamic range: accommodates numbers over the range, 107"
to 10™.

Up to 10 significanc digits with automatic decimal placement
and alignment.

Numerical entry
Fixed-point: digits of number are entered from left to right;
keying decimal point in its proper position.
Foating-point: significant digits are entered from teft ro right,
exponent of 10 is entered separately.

Memory

Magnetic core memory contains 19 registers:

3 display registers (keyboard, accumulator, temporary).
16 storage registers, with store/retrieve controls,
Total of 2,208 bits in core memory.

Registers: may be used to store 16 constants, or 196 program
steps plus 2 constants, or a combination of constants and
program steps.

Capacity: register accommodates floating-point oumber with
12 significant digits (including 2 undisplayed guard digits)
plus 2-digit exponeat. Alternately, register accommodates 14
progeam steps.

Read-only memary: contains over 32,000 bits of fixed informa-
tion for keyboard routines.




Speed

Maximum times for tota) performance of typical operations,
Including decimal-point placement:
Add, subtract: 2 milliseconds.
Muttiply: 22 milliseconds.
Divide: 27 milliseconds.
Square-root: 30 milliseconds.
Sin, cos, tan: 330 milliseconds.
In x: 70 milliseconds.
e% 130 milliseconds.
Coordinate transformation: 280 milliseconds.
These times include core access of 1.6 microseconds.

Programming

The program mode allows entry of program iastructions,
via the keyboard, into program memory. Programming con-
sists of pressing keys in the proper sequence, and any key on
the keyboard, except step program, js available as a program
step. Program capacity is 196 steps. No language or code-
conversions are required.

A self-contained magoetic card reader/recorder records pro-
geams for program memory onto wallet-size magnetic cards
for storage. It also reads programs from cards into program
memory for repetitive use. Two programs of 196 steps each
may be recorded on every reusable card. Cards may be cascaded
for longer programs.

Pragram lnstructions

Conditional branching: “If* statements make the compari-
sons—Iless-than, equal-to-, greater-than—and can be pro-
grammed to branch to any of the 196 program addresses.

Unconditional branching: GO-TO statement can be pro-
grammed to braach to zny of the 196 program addresses.
(Also used for manual addressiag and cosrection of indi-
vidual program steps.)

Flag: provides conditional branching dependent on manual
or programmed setting of flag.

Stop: halts program for data entry or display.

Pause: brief display of interim results in computation.

Step program: operator may step through program for visual
verification of instructions.

Program library

The program libraty furnished with the 9100A includes
programmed solutions to practical problems in a wide range
of scientific and engineering fields. It serves both as 2n illus-
tration of programming technigues and as a source of ready-
to-use programs. Program library holders also receive the
Hewlett-Packard Keyboard, a periodic publication which pro.
vides updating information and a forum for the exchange of
programs by 9100A users. Progcam categories include:

Business Life Sciences Statistics

Chemistry Mathematics Structures

Electronics Mechanics Surveying

Fiuid Mechanics Physics Theemodynamics
General

Welght: nec, 40 fbs (18,1 kg); shipping, 65 lbs (29,5 kg).

Pawer: 115 or 230 V =109 (slide-switch), 50 to 60 Hz, 400
Hz, 70 watts.

Dimensions: 847 high, 16" wide, 19" deep (210 x 406 x 483
mm).

Accessorles furnished at no charge:
09100-9000) Operating and Programming manual, §$2.50.%
09100-90002 Program library binder containing sample pro-

grams, $30.*

5060-5919 Box of 10 magnetic program cards, $10.*
09100-90003 Pad of 100 program sheets, $2.50.*
09100-90004 Magnetic card with pre-recorded diagnostic

program, $2.50.*

9320-1157 Pull-out instruction card mounted in calcula-

tor, 85.*
4040-0350 Plastic dust cover, §2.50.*
Additlonal accessories available:

5000-5884 Single magnetic card, $2.

09100-90000 Box of S program pads, $10.

Price: HP 9100A, $4900. Option 001: Pull-out instruction card
in French. Option 002: Pull-out instruction card in German.
Option 003: Pull-out instruction card in talian.

*If ordered separately,

Peripherals

- N\

9100A with 9120A

\. /

Model 9120A Printer: attaches to the top of the calculator 2nd
can be added at any time. Prints contents of display registers
X, Y, Z, singly or in any combination, upon manual or pro-
grammed command. Also lists program upon command.
Uses electrostatic principle for silent operation. Available,
fall of 1969.

r N\

9125A

- _/

Model 9125A Plotter: plugs into rear connectoc on calcelator
and can be added at any time. Plots upon manual or pro-
grammed command, employing calculator’s PMT (format)
key, 11” x 17” page size. Available mid-1969.

131




132
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Digital recorders

It frequently is expedient or necessary
to obtain permanent records of rapidly
changing phenomena measured by elec-
twonic  counters, digital voltmeters or
other digital devices. Often it is desirable
to relate this permanent data record to
time or translate it to analog form. Hew-
letr-Packard digital secorders and acces-
sories are designed {for this purpose.

Hewlett-Packard digital recorders are
clectro-mechanical devices which provide
printed records of digital information
from clectronic counters, digital volt-
meters, scaler.cimers, ete. The two major
HP digital recorder categories are the 20
line/s Model 5050B and the 5 line/s
Models 561B, 562A and 565A. The com-
mon characteristics of all HP digital re-
corders are (1) parallel entry (ie., the
input data for all digits must be present
at the ¢ine printing is commanded }: (2)
a manual paper advance aids observation
of last printout; (3) paper is 3” wide
fan-folded tape (361B, 562A and 565A
also use roll paper) and i3 easily
changed; (4) holdoff signals from the
recorders (except S65A) prevent extetnal
equipment from changing input data
while print wheels are being positioned,
and 2 print command pulse is required
from the dara source to initiate a recorder
print cycle; (5) standby, momentary and
print-on-command operation is manually
selectable; (6) the recorders are designed
for continuous unatteaded operation; the
printing mechanisms are designed for
simplicity, durability, and trouble-free
operation with little maintenance re-
quired.

An analog output, suitable for driving
either potentiometer or galvanometer re-
corders is oprional for those S62A’s with
either 4.2.2-1 or 8-4-2-1 BCD column
boards installed. Analog ourput is very
useful for continuous anslog plors of
data variations such as oscillatos drift
where the imporrant information is in
the printed recerd's last few digits. HP
can also supply separate digital-to-analog
converters (Models 580A and $81A).

20 line/s Model 50508

This recorder prints up to 18 columns
at 20 lines/second. It can accept a total
of 20 columns of 4 bit BCD dara from
L or 2 sources.

The user can easily change the code
base of his recorder to use the 4-2-2-1
"1 state positive or 8-4-2-1 1" state
positive or negative codes. The Model
5050B is 2 simple code comparator which

uses an jnexpensive, substitutable code
disc as a reference. The same columa
boards are used with all code discs.

The user can easily substitute different
print wheels to use mixed codes, that is,
to have a different code base and/or
character set in each column,

The Model 5050B has two, general
purpose character suppression features
which have many uses. A typical use is
to suppress the printing of leading zeros.
By arranging plug-in diodes, the user can
suppress the printing of any one of the
16 possible characters ip any column (a
differenc character can be suppressed in
each column). The other featurc (using
plug-in jumper wires) makes the sup-
pression of a character conditional—the
character is suppressed only if & is a
leading character (an insignificant "zero™
for example).

The 5050B operates very reliably, due
mainly to the simplicity of its design. By
being based on an optical code compara-
tor scheme, the S0S50B is electrically
simple and has very few moving parts.
Data storage and built-in digital clock are
optional.

&

5050B printing mechanism

5 line/s printers
(Models 5624, 561B and 365A)
These printers record up to 11 columns
of data (12 on special order) and all
utilize the same basic printing mechan-
ism. Model c¢hoice is usually based upon
the flexibility required, input codes, and

DIGITAL RECORDERS AND ACCESSORIES

the cost of equipping the instrument to
operate with the printer. A wide variery
of special print wheels is available.

Model 562A

This printer requires a paraliel-entry,
4-line, binary-coded-decimal input (or
10-line decimal; see options on $362A
catalog page). The 562A (utilizing plug-
in column board input circuitry) s ex-
tremely flexible, allowing operation from
two unsynchronized sources. Interchange-
ability of column boards allows complete
mixing of the available codes among the
columns. A storage feature in the 562A
permits the driving source to transfer
BCD data into the 362A binaries in 2
milliseconds, thus freeing the source to
initiate 2 new measurement,

Model 561B

The 561B requires 2 "10-line™ jnput
for each column of information from the
data source; thus, each print wheel posi-
tion js controlled by a separate line. Digi-
tal recorder kits for feld instaltation in
HP counters are available to permit op-
eration with the $561B: for 521D and
521E counters, kit 521D-95B, 845; for
523C, kit 523C.95B, 865; for 524C, kit
524C-95B, $165.

Model 565A

The HP Model S65A is the basic
printer mechanism used in the 562A and
S61B digital recotders. Data entry is
paraliel, and one line is needed for each
position on each print wheel. Control
cables and driving electronics must be
fabricated for each 565A application,
Pront panel appearance of the S65A is
similar to the right-hand half of the
561B, and is 9%;” deep behind the front
panel.

Digital clocks

For providing time-of-day reference to
recorded data, the 5050B, 561B and 562A
can have a digital clock instalied. The
571B Digital Clock is used with the 561B
Recorder, the H03-5718B is used with the
562 A Recorder, Option 55 clock is for the
5050B Recorder, All time digits are avail-
able for printing. The location and num-
ber of time digits on the printed record
are determined by connector arrange-
meats on the rear of the digital recorders.
Clocks also issue timing signals.



DIGITAL RECORDER

20 lines/s; quiet; versatile
Model 5050B

Advantages:

Inexpensive mixed codes column by column
Versatility of quick-change code discs

Few moving parts

Quier operation

Data storage and digital clock optional

This recorder is compatible with HP solid state and inte-
grated circuit instruments, and its versatile circuitry adapts it
for use with a wide variety of other equipment and data sys-
tems. It prints up to 18 columns of 4 line BCD data from one
or rwo sources up o 20 lines/s.

The user can easily change the code base to 8421 +, 8421 —,
or 42214 by an inexpensive substitutable code disc. In addition,
the user can change print wheels to have a different code base
and/or character set in each columan.

Character suppression allows the user ro determine which
character is suppressed in each column and whether or not only
leading characters are suppressed; typical use is to suppress
leading zeros.

A reduction in moving parts leads to reliable operation. Par-
ticalar atteation has been paid to ensuring quiet operation.

Data storage options reduce dara loading time from 50 ms
to 0.1 ms and decrease input voltage requirements. A built-in
digital clock is also optional,

Specifications

Accuracy! identical 1o input device used.

Printing rate: 20 lines per second, maximum (asyachronous).
Column capacity: to 18 columns.

Print wheels: 16 positions, numerals 0 through 9, —, +, A, V, @,

% other symbols available,

Input requirements—without data storage

Data input: parallel entcy, BCD (8421, 4221), "1 state must
differ from “0” state by at least 4.5 V but by no more than
75 V.

Reference voftages: BCD codes require both "0 and 1" state
references; reference voltages may not exceed =150 V to
chassis; “0” and "1 reference volrage must differ by at least
4.5 V; amplitude of each ref. voltage must not exceed its Jike-
polarity data input {evel by more than 8.5 V.

Hald-off voltage: both polarities are availabie simulmneously for
BCD codes and are diode-coupled; 10 mA maximum load %15
V open circuit from 1 kQ source.

W RECORDERS

Print command: + or — pulse, 4.5 to 20 V amplitude, 1 V/us
minimumn rise time, 20 u$ or greater in width, ac coupled. Input
impedance is approximately 1500 92,

Input requirements—uwith data storage options

Data Input: paralle]l entry, BCD, "1 state must differ from 0"
state by at least 1.3 V but by no more than 35 V. Input drive
>100 ¢A. Data must be on lines when print command occurs
and remain until release of hold-off (85 us after print com-
mand).

Reference voltages: the data source must provide reference volt-
ages, either both levels (High and Low) or one level (Low).
1f both levels are provided, maximum reference voltage may not
exceed *50 V to chassis. Load between the reference lines: 20
k9. Internal control can vary BCD trigger level within reference
voltages. If Low reference voltage only is provided, maximum
reference voltage may not exceed £20 V to chassis. The sefer-
ence line must be zble to supply up to 20 mA, The miniraum
BCD High volrage is approximately 2.1 V above the reference
voltage. The maximum BCD Low voltage is approximately 0.8
V above the reference voltage.

Hold-off voltage: both polarities are available simuitaneously for
BCD codes and ace diode coupled; 10 mA max lead *=15 V
open circuit from 1 kQ source,

Print command: 4+ or — pulse, 2 to 20 V amplitede, 1 V/us
minimum rise time, § us or greater in width, ac coupled.

Transfer time: 50 ms without storage, 0.1 ms with.
Line spacing: adjustable, 3.5 to 4.5 lines/inch.

Inking: ink roller or pressure sensitive paper. Pressure.sensitive
paper should be used where the 5050B is idling more than print-
ing, or for temperature extremes. Conversion between ink and
pressure sensitive operation can typically be performed in five
minutes.

Operating temperature: —20°C to T55°C with pressure sensitive
paper. +10°C to T40°C with ink roller.

Power! 115 or 230 V *+10%, 350 to 60 Hz, approx. 100 W idle,
190 W at 20 lines/sec. 50 Hz model with 20 prints/sec available.

Dimenslons: cabinet: 16347 wide, 8147 high, 183%4” deep (426 x
226 x 467 mm).

Weight: net, 40 1bs (18 kg); shipping, 53 Ibs {24 kg).

Accessories furnlshed: one pack fan fold paper, one pack folded
pressure sensitive paper, ink roller. rack mount kit.

Price: HP 5050B, $1900: Option 01, 02, or 03 must be specified at
time of order (no charge). Column boards (one required for each
rwo columns to be operated), $100 each.

Accessories available: fan fold paper HP 9281-0386, $1.50; Pres-
sure sensitive paper HP 9281.0387, $4.00; (15,000 prints pec
pack). Ink roller (black) HP 9260-0071, $10.00. Input cables,
350 (accommodates 10 input columns from HP solid-state fnstru-
ments). Input cable for IC counvers, $65.

Options: 01 - 8421 "1 state positive code disc.
02 - 8421 "1” state negative code disc.
03 - 4221 "1" state positive code disc.
All three code discs are supplied with each S0350B at no
charge, However, one of the above options must be speci-
fied so SO50B can be delivered with desired dis¢ installed.
10 - S0 Hz operation, add $15.
50 - Storage for 20 columans, add $400.
51 - Storgge for 10 columns, add $200.
(Only 10 columas can then be operated.)
55 » Digital clock, instalied at time of manufacture, $950.
Also available as field installation kit.
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Option 55 for 50508 recorder

Option 55 Clock, for use with the HP 5050B Digital Re-
corder, provides a convenient method for recording time while
also serving as a programmer for the measuring-recording sys-
tem. Integrated circuits and transistors perform all timing and
logic functions. Column boards required for 5030B operation
are built into the clock.

Easy-to-read display tubes indicate time to 23 hours, 39
minutes, 59 seconds. In the printout there is a seventh digit
available for indicating tenths of a second. The BCD output
code of the ciock is selectable to be either 4-8-4-2-1 o —8-4-2-1,
but information is easily adaptable to any other code used on
the recorder.

As a programmer, the clock is extcemely versatile. Print
intervals of 1 second, 10 seconds, 1 minute, 10 minutes, or 1
hour are chosen by a front panel switch. Rates as high as 20
prints per second, determined by an external signal, are accept-
able,

The clock is available in kit form for model 5050A or may
be installed at the factory in new 5050B Recorders.

Specifications, Option 55

Time base: selectable to be 50 Hz, 60 Hz or external. External
requires 10 pps negative pulse.

Print interval:
Internal: selectable to be 1§, 10 s, 1 min., 10 min., or 1 hour

between prints.

External: rates up to 20 prints per second,

Time-of-measurement aceuracy: time recorded may be 0.1 s less
than correct time = line accuracy.

Visual Indicatlon: ¢ in-line digital display tubes indicate wo 23
hours, 59 minutes, 59 seconds.

Printed output: seven digits indicate to 23 hours, 59 min, 59.9 s.

BCD output code: --8-4-2-1 or —8-4.2-1 selectable. Cutput
adapiable to other recorder codes.

Print format: time printable in z2ny recorder columns.

Clock set: 4 switches electronically set clock to desired initial
time.

Pawer: 115 V or 230 V £10%. 50 Hz or 60 Hz.

Weight: net, 3 Ibs (1,4 kg).

Prica: HP Option 55 (factory installed), $950.00. Price of kit
for field installation available on request.

£2 DIGITAL CLOCKS

Time recording and print-rate control
Model 571B; Option 55 tor Model 50508

§71B clock

The 5718 Digital Clock, which mounts in the left side of the
561B Digital Recorder provides time-of-day information and
controls the rate at which measurements 2re made. Time is indi-
cated in hours, minutes, and seconds on a 24 hour basis.

The display is available for printing alongside other data.
Location and oumber of time digits on the printed record are
determined by connector arrangements on the rear panel of the
digital recorder,

The rate at which sampling and printing occur can be con-
trolled by the clock or by an external device. The clock provides
five rates selectable by a front panel switch.

A modified 571B (H03-57LB) is available for use with the
HP 562A Digital Recorder.

Specifications, 571B

Indlcation: 6 display tubes to 23 hours, 59 min, 59 s; 12 hour
format on special order.

Time base: front-panel switch selects: (1) 60 Hz (50 Hz on
special order), (2) counter (1 pps, HP vacuum tube count-
ers), external (5 V positive pulses, 200 xs long, ! pps; input
impedance approx. 5009).

Time-of-measurement accuracy: time recorded may be up to 1
s less than correct time.

Print cantrol: print rate controlled by clock or by external de-
vice. Internally generated rates are 1 per second, 6 per minute,
1 per minute, 6 per hour, and 1 per hour.

Time print format:

In 561B: six time digits recorded in right-hand columns of
recorder with clack connected to J101; with clock connected
to J102, time recorded in 5 left-hand columns without tens
of hours,

In 562A: recording format (all columns) is set up by plug-in
connectors and column boards in 562A.

Weight: aet 20 Jbs (9 kg); shipping 26 lbs (12 kg).

Pawer: ac and dc supplied by digital recorder; approximately
15 watts.

Prices Model 571B, $1100.00.

Because of the many options available for the 571B clock,

please contact your HP sales office when ordecing.

Option 55 with 50508

Y

571B with 561BR




DIGITAL RECORDER
Flexible data input with information storage
Model 562A

562A with analog cutput option.

N J

HP Model $62A Digital Recorder is 2 solid-state electro-
mechanical device providing a printed record of digital data
from any of a aumber of soucces. Parallel data entry and low-
inertia moving parts allow printing rates as high as 5 lines per
second, each line containing up to 11 digits. Twelve-digit ca-
pacity is available on special order.

Data enter the unit through rear-mounted 50-pin connectors.
fnternal plug-in connectors route the information to any de-
sired sequence of print wheels. A separate storage binary unit
is associated with each individual print wheel for 4-line BCD
input codes.

Model 56284 may be equipped to translate 4.2-2-1 BCD,
other 4-line codes or 10-line code by substituting plug-in column
boards and input connector and cable assemblies.

Specifications
Accvracy: identical to input device used.
Printing rate: 5 lines per second, maximum.
Column capacity: to 11 columns (12 availabie on special order).

Print wheels: 12 positions, numerals 0 through 9, a2 minus sign and
2 blank; other symbols available.

Input requirements
Data input: parallel enrty, BCD (4-2.2.1, 8-4-2.1, 2-4-2.1) or
10-line, see Options; "'1" state must differ from "0 state by at
least 4 Volts but by no more than 75 Volts,

Reference voltages: BCD codes requice both “0”" and “1" state
references; 10-line codes require reference voltage for V0" state;
reference voltages may not exceed =150 V to chassis: input
impedance is approximately 270 k ohms.

Hold-off signals: both polarities are availzble simultaneously for
BCD codes and are diode-coupled; 10 mA maximum load +15 'V
open circuit from L k source, —5 V open circuit from 2.2 k source
(160 msec hold-off is provided for 10-Jine codes),

Print command: + or — pulse, 4.5 to 20 volts amplitude, 1 V/gs
minimum rise time, 20 #s or greater in width, ac coupled.

RECORDERS

Analog output (optional): (from 4-2-2-1 or 8-4-2-1 boards) ac-
curacy is £0.5% of {ull scale or better; 100 mV for potentiometer
recorder; SO k ohm minimum load resistance; 1 mA into 1.5 k
ohm maximum for galvanomeler recosder.

Transfer time: 2 ms for BCD codes.

Paper required: HP folded paper tape (15,000 prints per packet
with single spacing) HP Stack No. 560A-131A or standard 3-inch
roll tape. 24 packet carton, $21.00.

Line spacing: single or double.

Power: 115 or 230 V %109, 50 to 60 Hz, approx. 156 W. (4
prints/s at 50 Hz; 50 Hz model with S prints/s available.)

Dimenslons: cabinet: 203%4"” wide, 1214” high, 18Y4” deep (527 x
318 x 470 mm) ; rack mount: 19” wide, 10-15/32” high, 164"
deep (483 x 266 x 419 mm).

Welght: net 35 lbs (16 kg), shipping 80 Jbs (36 kg) (czbinet) ; net
30 Ibs (13 kg), shipping 63 Ibs (31 kg) {rack mount).

Price: HP 5624, $1185 {cabinet); HP 562AR, $1160 (rack mount):
basic uni¢ with 11.column capacity; column boards, input con-
nector assemblies and cables required for operation are not ia-
cluded, see Options,

Options, Group 1

(Completely cquips 562A for operation with Hewlett-Packard and
Dymec instruments.)

Option 11. For 6-column operation from 4-2-2-1 "'1" state posi-
tive code, add $555.00.

Option 12. For 9-column operation {rom 4.2-2-1 “1" state posi-
uve code. add $780.

Option 13. For 1l-coluran operation {rom 4-2-2-1 17 state posi-
tive code, add $1023,

Option 14. For operation with 5245L; 10-column operation;
prints measurement unjt and indicates decimal position — e.g.,
16942.496 kHz would be printed as 3 kHz 16942496 ; the frst
digit shows how far o move the decimal to the left; add $880.

Options, Group 2, column boards
Option 21. 4-2-2-1 1" state posiuve. $75 each,
Option 22. 8-4-2-1 “1" state positive, $75 each.
Opiion 23. 8-4-2-1 "1 state negative, 875 each.
Option 24. 4-2-2-1 “1" state negative, $75 each,

Option 25. 10-line ‘1" state positive (no storage), 850 each.
Option 26. 10-line “1” state negative (no storage), $50 each.
Option 27. 2-4-2-1 “1" state negative, $§75 each.

NOTE: Input couvnector assemblies and input cables (Group 3
options) are required for use with Group 2 column boards,
Options, Group 3, connector assemblies
Option 30, BCD input connector assembly for up to 9 columns,
$55.
Option 31. BCD input connector assembly for up to 6 columns,
$43,
Option 32, Input cable, for up to 10 BCD c¢olumns or three 10-
line ¢olumns, 850,
Option 33. 10-line input connector assembly for up 0 3 columns,
§3s.
Option 34. BCD input connector assembly for up to 10 columns,
$60.
Option 35: Input cable 10513A for IC counters, $65.
NOTE: More than one input connector assembly and input cable are
required for: 1. more than nine BCD columns; 2. operation from
two sources; 3. more than theee 10-line columns,

Options, Group 4

Option 41. Analog output (from 4-2-2-1 boards). §175.
Option 42. Analog output (from 8-4-2-1 boards). $175.
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The 561B Digital Recorder accepts only 10-line decimal
code inputs, but is otherwise similacr in operation to the HP
562A. The HP 565A Printer Mechanism, mechanically similar
to the mechanism in the 561B and 562A, is available for use
in custom systems,

Specifications, 5618

Column eapacity: 11 columns (12 available on special order).

Print rate: 5 [ines per second.

Print wheels: 12 positions having numerals 0 through 9, 2 minus
sign and a blank; other symbols are available on special
order.

Input: decimal code, 10 lines plus 2 Jines for blank and minus
sign for each column.

Driving sources: HP electronic counters (521D, $521E, $23C)
with recorder kits, 405CR Digital Voltmeter, stepping
switches, relays, beam switching tubes, contact closures, or
—15 to — 100 volts connected to appropriate input wire.

Print command signal: =15 volts peak, 10 #s or greater in
widrh, 1 V/#s minimum slope; manual control with mo-
mentary-contact switch.

Line spacing: zero, single or double: in “zero” does not print,
paper does not advance.

Paper required: S60A-131A folded paper tape or standard 3”
roll; tape sufficient for 15,000 single-spaced lines.

Power: 115 or 230 volts =109, approximately 75 W, 50 to 60
Hz (4 prints/s maximum at $0 Hz): 50 Hz model avail-
able which retains 5 print/s capability.

Dimenslons: 2034 ” wide, 123" high, 1815” deep (527 x 324 x
470 mm) (cabinet): 19” wide, 10-15/32” high, 16}4” deep
(483 x 266 x 419 mm) (rack mount).

Welght: 561B, net 42 lbs (19,7 kg), shipping 70 Ibs (31,5 kg)
(cabinet mounted); $61BR, net 30 Ibs (18 kg), shipping
65 1bs (29,2 kg) (rack mounted).

Accessorles furnished: 9281-0018 folded paper tape, one
packet, 9283.0002 inked ribbon, 560A-95N Digital Recorder
Service Xit; 561B-16A Cable, accommodates 6 columns, con-
nects to Option 02.-equipped vacuum tube counters.

DIGITAL RECORDERS

Print 10-line data at 5 lines/sec
Models 561B, 565A

Price: HP 561B, 81250 (cabinet); HP S61BR, $1235 (rack
mount ),

Accessortes avallable: S5G0A-131A folded paper tape, 24-packet
carton $19.50, Inked ribbon 9283-0002, $3.50. 561-B-16A
Cable, 6 ft., 6 columns, $100, 561B-95D Connectors (mates
with J101 or J102), $8.50

Specifications, 565A

Number of cotumns: 11 (12 available on special order).

Data entry: parallel entry to all columns; one line required for
each position of each print wheel to be operated.

Maximum print rate: S lines per second.

Standard characters: 0 through 9, minus sign and blank (others
available on special order); dimensions: approximately
0.085” wide, 0.1” high.

Column spacing: 14”.

Line spacing: 5/32” single space; 5/16” double space.

Power
Motor: 115 V =109, 60 W, 30 to 60 Hz (50 Hz provides

4 prints/s max.).

Clutch sofenold: 240 to 260 V d